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PRET'ACE

This report describes the Engineering Design Integration (EDIN}
system in operation at Johnson Space Center (JSC) at the com-
pletion of the contract NAS9-13584, "Extended Optimal Design
Integration (Extended ODIN) Computer Program." The study was
carried out in the period from June 1973, through December 1974,
with funds provided by the National Aeronautics and Space Admin-
istration, Johnson Space Center, Engineering Analysis Division,
Launch Analysis Section. The report specifically describes the
Univac 1110, Exec 8 EDIN system at JSC. Earlier systems adapted
to the CDC 6600 have been installed at the NASA Ames Regearch
Center facility, the USAF Flight Dynamics Laboratory facility
and the Langley Research Center facility. .

The original ODIN system was initially developed during 1971
and 1972 under parallel contracts with the National Aeronautics
and Space Administration, LRC (NAS1-10692) and the USAF Flight
Dynamics Laboratory (F33615-71-C-1480). The original system
was developed for CDC 6000 series computers but the system has
since been converted to the Univac 1100 series computer under
contract (NAS9-12829) to NASA Johnson Space Center.

The present contract (NAS9-13584) resulted in the expansion of
the EDIN technology library, the development of a number of
general and special purpose utilities, the development of a
"geometry technology module and an exXecutive data processor.
Numerous applications of the software developed have been
accomplished, some of which are presented herein.

iii
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THE ENGINEERING DESIGN INTEGRATION (EDIN)} SYSTEM

By: (. R. Glatt, G. N. Hirsch, G. E. Alferd,
" W. N. Colquitt and S. J. Reiners

Aerophysics Research Corporation

SUMMARY

The EDIN system is a digital computer program complex for the
evaluation of aerospace vehicle preliminary designs. The system
consists of a Univac 1100 series computer and peripherals using
the Exec 8 operating system, a set of demand access terminals

of both the alphanumeric and graphics types and a library of
independent computer programs. The program library contains
programs for estimating all major flight vehicle characteristics
such as aerodynamics, propulsion, mass properties, trajectory
and mission analysis, cost, steady state aeroelasticity, flutter
and stability and control. There are also utility programs in
the library for generating and controlling the flow of design
data within the computer program complex.

The data base used by the EDIN system consists of dynamically
constructed name addressable region of online storage which can
.be subdivided into user established classes of data. Each class
represents a subset of the available data. A data manipulation
program called the DLG processor is used for the construction
and maintenance of the data base. It interrogates the data base
to satisfy data interface requirements among the technology pro-
grams. In addition, the DLG processor can address all or por-
tions of online structured data sets for insertion as part of
the input stream of the technology programs.

The executive control of library program execution is performed
by the Univac Exec 8 operating system through a user establish-
ed run stream. Any set of vehicle component matching and sizing
loops can be defined by partial run streams (or design sequences)
con51st1ng of control cards and/or technology input data.

There is no effective  limit on the number of design seqguences
which may be established by the partial run stream technlque.

A data linkage of the design seguences with the data base is
provided by the DLG processor. DLG modifies the partial run
streams in accordance with user instructions within the partial
run stream.

The EDIN system can be operated in a demand or batch environment.
In the demand mode some interaction with the data base and
technology modules is available. Usually a combination of



demand and batch operations is employed in the evaluation of
preliminary designs using this sytem. Several applications

representing samples of the type of design support activity

have been accomplished with the EDIN system,.

These applications'along with a description of new and existing
software in the EDIN system are as described in this report.



INTRODUCTION

A great deal of effort in the last several years has been
expended in the pursuit of computer aided design capability
which can be used effectively in the engineering design
environment. These efforts have met varying degrees of success.
References 1 through 16 describe a number of approaches to the
problem. Most capabilities have been developed to support
design synthesis for the study of vehicle concepts. They are
usually implemented by one of two methods: :

1. The vehicle under study is completely synthesized
within a single computer program.

2. The vehicle under study is analyzed using separate
technology modules which are linked by independent
executive program control.

The use of the first method requires extensive computer program-
ming and checkout before simulations can begin. The method is
characterized by very large programs, limited applicability and
complex data setup requirements. Programming bugs that appear
after program checkout can cast doubt on simulation results.

In addition, program modification required for design concept
changes can cause delays in the engineering analysis process.

In summary, the single program concept does not provide for

" a powerful computer aided design capablllty.

The use of the second method eliminates the need for large pro-
gramming efforts allowing de51gn simulations to begin almost
immediately after a concept is formulated. Data setup is
similar to the setup of the individual TM's. The executive
program control concept effectively supports design simulations
for conceptual studies involving a relatively small number of
users. The concept does not provide the computer aided design
environment necessary to support a large design staff nor does
it permit sufficient user interaction with the analysis process.

Study efforts at JSC during the past eighteen months have resulted
in the development of the EDIN (Engineering Design Integration)
System. The system uses the independent technology module (TM)
concept of reference 9 and an expanded wversion of the data
management system of reference 10. The Univac Exec 8 operating
system provides the program linking capabilities and the file
management software to drive the EDIN system. A data processor
called DLG has been developed for merging data base information
with the normal input stream of the T™'s and for storing
technology data from the TM's in the data base. An interactive
geometry module, which also uses the EDIN data base’ concept,
has been developed for the generation, maintenance and storage



of geometry data. The stored geometry can be retrieved and used
by other technologies. Both two and three dimensional graphical
analysis modules have been adapted for use in the EDIN system
and a number of general and special purpose utilities have been
developed to support design analysis.

The EDIN system, as it currently exists, can be operated in a
batch or demand mode. The system has limited interactive
capability but lacks the essential hardware features to qualify
it as an interactive system. A typical operating mode, is a
combination of demand and batch modes of operation. The user
of the system constructs a run stream from stored input data
elements. The run stream consists of design seguences (partial
run streams) of technology modules selected for the design
analysis at hand. The most current design information is
obtained from the EDIN data base. A configuration analysis is
performed using the Geometry Technology Module and auxiliary
programs. The constructed run. stream is submitted to the com-
puter for execution and a design analysis follows. The user
has options of updating the data base with the information
cbtained and/or generating summary report information to
support his analysis. :

Study Objectives

The objectives in the development of the EDIN system are to pro-
vide Computer Aided Design (CAD) capabilities, which span the
engineering functions of the preliminary design process to re-
duce the design analysis time and to improve the integrity of
the design. To support the objectives, JSC has provided to the
EDIN project storage tube terminals, teletype compatible termin-
als and a MOPS terminal connected to the Univac 1100 series host
computer. The terminals provide the primary interaction with
the large scale TM's executing on the host computer. The EDIN
project staff was charged with the responsibility of software
development required to support the objectives.

Study Approach

The study approach placed significant emphasis on the applica-
tion of the developing system. The NASA technical monitor im-
posed study requirements on the EDIN project. These requirements
were used by the EDIN project staff to perform the required
design analysis. The staff members defined specific program
developments using the contract statement of work as a guideline.
The development phase was aimed at the modification or develop-
ment of software which more adequately supported the original
design analysis. Following the program development phase, the
same or similar design analysis was performed using the newly
developed software. The sequence was repeated for each set of
NASA directed study requirements.



The study approach is considered to have provided the best
possible end product for the funds expended. This volume pre-
sents the state-of-the-art of the EDIN system at JSC and
describes the software developments and applications performed
under the contract. i}
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- THE EDIN S¥STEM

The components of the system, shown schematically in figure 1,
consist of the computer and a library of the technology modules
(TM), utilities and data bases. The system can be operated
from demand terminals in a batch mode or a combination thereof.
All of the major technologies, such as aerodynamics, propulsion
and structures, are represented in the TM library. The utility
elements include graphics, plotting and report generation., The
technology programs provide the real design analysis capability
which must be performed to obtain evaluation of any vehicle
design. The utility elements aid the designer in obtaining a
better understanding of the results of the analysis and provide
a means of improving or expediting the design analysis. They
also permit the designer to transfer or transform data generated
by one program for use by other programs or for use by the
analyst.

Since the system comprises literally millions of source cards,
some precautions have been taken to provide a usable system
capable of interpretation by designer, engineer and programmer.
The major precaution has been the creation of a system which is
truly modular in the sense that it consists of many independent
computer programs. Any one of these programs can be revised,
extended or replaced without affecting the other program elements
of the system in any way. External to the technology programs
themselves, a data base of common information is maintained by

- an executive data processor. Each technology program may draw
upon the data base for information as required. As a consequence
of the construction concepts employed, the specialists in any
technology area are able to phrase the analysis of the design
without regard for the other technologies involved other than
the interfaces with the common data base. The common data base
attributes are defined by the design staff and can consists of
all information which is communicated between elements or com-
municated from the EDIN system itself to the staff. The data
represents a subset of the total amount of information generated
by all of the programs within a given design sequence. When
combined with the normal input data, it is sufficient to com-
pletely define the program under study. When combined with the
normal output, it represents the data description of the vehicle
performance and mission requirements.

THE COMPUTER

Computer Operating System

The computer operating system selected for EDIN is the Univac
supplied software for the 1100 series computer including the
executive system (Exec 8), compilers, utilities, subroutine
libraries, etc. The EDIN system draws heavily from the executive
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functions for program control and file management., A knowledge
of the control functions of Exec 8 are essential to the user of
the EDIN system. Those control functions which have the great-
est applicability to design analysis are offered to the potential
EDIN user in this section. Detailed information is provided in the
Univac manuals listed in figure 2.

The Univac 1100 operating system is an outgrowth of Univac's.
many years of experience in multiprogramming, multiprocessing,
time sharing, communication and real time orientation systems.
It provides the flexible user environment which is essential

to the operation of the EDIN system. A complete set of software
ranging from high level language compilers to basic service
functions is included in the operating system. The six major
categories are:

1. Executive System, (Exec 8).
2. System Processors.

3. Language Processors.

4. Utility Processors.

5. Subroutine Library.

6. Applications Programs.

The first three categories represent the base compliment of
software supplied with the 1100 series computer and maintained

by Univac. They are generally used by the EDIN system without
modification. The user portion of the operating system is
described in the last three categories. The EDIN system takes
advantage of the software which is already available and augments
the software capability in these categories with special modules
dealing primarily with engineering and design integration. The
EDIN interface to the Univac 1100 series computer is shown in
figure 3.

The Executive System (Exec 8). - To take full advantage of the
speed and hardware capabilities of the 1100 series sytems, a
comprehensive internal operating environment is provided in the
Exec 8. This environment permits the concurrent operation of
many programs and directs the computer to react immediately to
the inguiries, requests and demands of many different users at
local and remote stations. The Exec 8 system can store, retrieve
and protect large blocks of data and makes the best use of avail-
able file space. '

Only through central control of all activities of the system can
this environment of the combined hardware and software systems
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be fully established and maintained to satisfy the EDIN reguire-
ments, No user level executive can exercise the necessary con-
trol. The responsibility for centralized control is borne by
the Exec 8 system, which controls and coordinates the functions
of the internal environment. A relatively simple interface to
-the executive, based on the run stream concept, is provided
which relieves the users of concern for the interxnal interaction
between his program and other coexistent programs.

The technical capabilities of the Executive System cover a vari-
ety of data processing activities. The executive system design
offers the versatility of handling batch processing, demand pro-
cessing and real time processing using multlprogrammlng and
multiprocessing techniques.

Batch jobs may be submitted from remote terminals as well as

from central site equipment. The batch mode is used in EDIN

applications for long running analysis and programs with high
core reguirements.

Complementing the batch processing capabilities are the Exec 8
time sharing capabilities. This mode of operation accommodates
simultaneous requests and demands from users at numerous remote
inquiry terminals operating in a demand (or conversational)
mode. All facilities available to the batch processing user -
are also available in a demand mode. The primary difference
being that the demand mode permits the user additional flexi-
bility in the statement and control of individual tasks. For
example, when an error is made in the demand mode, the user
simply corrects it online and proceeds rather than suffering
the turn-arcund cycle inherent in batch processing. The demand
user may interact with the system at various levels which include
the Executive System, a conversational processor or with a user
program. Many conversational EDIN programs take full advantage
of the demand mode. Design analysis can be interrupted at any
point to assure integrity using the demand mode.

The executive system is also designed to be applicable to pro-
grams which have real time requirements. The Univac Communica-
tions Subsystems, together with the scheduling and interrupt
processing features of the Executive System provide an environ-
ment satisfactory for the operation of real time programs.
However, the EDIN system currently uses no real time processing.

The Executive System is designed to ensure effective and effi-
clent utilization of the mass storage devices. The consequence

is an unprecedented ability to relieve users of the responsibility
of maintaining and handling cards and magnetic tapes, thus
eliminating many errors which heretofore have accompanied the
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use of large scale software systems. At the same time, the
overall operating efficiency is considerably improved. Card
handling is virtually eliminated in the use of the EDIN system.

Permanent data files and program files are maintained on the
mass storage devices, with full facilities for modification and
manipulation of these files. Security measures are established
by the Executive System to ensure that files are not subject to
unauthorized use. Provisions are also made within the Executive
System for automatic relocation of infrequently used files to
magnetic tape, as unused mass storage space approaches exhaus-
tion. When the use of files relocated in such a manner is
requested, they are retrieved and restored under control of the
Executive System with no inconvenience to the user. EDIN makes
heavy use of the permanent files storage for the maintenance

of technology modules, utilities and data bases.

In the executive system the user has a simple means of directing
the execution of the individual tasks of a run and of relaying
operational information concerning themn to the executive.

This is accomplished through a set of control statements rec-
ognized by the executive system. The control language is open
ended and easily expanded so that features and functions may

be added as the need arises.

The basic format of a control statement is guite simple, and

is adaptable to a large number of control functions. Each con-
trol statement consists of a heading character @, or in special
cases a €@ for recognition purposes, followed by a command and

a variable number of parameters. The end of a control statement
is indicated by the end of a card, a carriage return or an
equivalent signal, depending on the type of input device. The
Exec 8 control statements commonly used by EDIN will be discussed.

System Processors. - The system processors are computer programs
which provide the functions required to construct and modify
other computer programs, maintain and modify data files, and
provide diagnostic information upon program termination. The
most commonly used system processors are:

The Collector is designed to provide the user with the
means of collecting and linking subroutines and to produce
an absclute program in a form ready for execution under
.control of the Executive System.

A File Utility Processor (FURPUR) consists of a set of
file maintenance routines which provide the flexibility
in management and manipulation of catalogued or temporary
files containing data or programs.
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The Postmortem Dump Processor (PMD) produces edited dumps
of the contents of main storage at program termination.
Dumps produced dynamically during execution are auto-
matically printed Individual program parts are identified
with the assistance of diagnostic tables produced with the
absolute program by the collector.

The ELT Processor is used to introduce an element into a
particular program file or make corrections to a symbolic
element in a program file from the run stream.

A File Administration Processor (SECURE} uses a source
language structure which allows the user to periodically
define specific file administration code tasks. The pro-
cessor's functions are to produce backup copies of cata-
logued files, and to provide a recovery mechanism for these
files in case of system failure.

The ED Processor is a text editor which enables a user to
modify or move character strings in either program files
or data files. This program is the primary mode of inter-
action with the EDIN system program and data files.

The Procedure Definition Processor (PDP) accepts source
language statements defining assembler, COBOL, or Fortran
procedures and builds an element in the user-defined pro-
gram file. These procedures may be referenced subsequently
in an assembly or compilation with definition. The pro-
cessor is used in the construction of EDIN programs.

Language Processors. — The operating system provides several
language processors, such as Fortran, COBOL, ALGOL and. the
Assembler. Certain of these processors are specifically de-
signed for demand mode operations. Individual documentation
of these processcors is provided by.Univac.

Utility Processors. - The Utility Processors provide

features not essential to the operation of the Exec 8 system
but aid the user in the preparation of data, run streams and
documentation, Univac supplied utility processors are described
below: .

"FLUSH (Flowcharting Language for User's Simplified Handling}
is a processor which accepts Assembler or Fortran format
input to produce a flowchart.

The S8SG Procesgssor is a general-purpose symbolic stream

generator. Any variety of symbolic streams, wvarying from
a file to data to a run stream which configures an execu-
tive stream, may be generated. Directions and models for
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building of the desired stream images are conveyed to SSG
through a skeleton which is written in SYMSTREAM, an
- extensive manipulative language.

CULL is a processor which produces an alphabetically sorted,
cross-referenced listing of all symbols in a specified set
of symbolic elements. Provisions are included, via options,
to selectively include or exclude defined symbols or symbol
groups from the output. :

The DOC Processor accepts file or card input and composes

it into document format according to the user's gpecifica-
tions. Control statements provide listing and text control,
including pagination, justification, indentation and hyphen-
ation. Document maintenance is provided on a line-image
basis and by content addressing of text character strings.

LIST is a special-purpose processor that provides edited
element listings which include associated element control
information not normally of interest to the user. It is
intended for debugging of software which deals with program
files.

The development of the EDIN system has added many processors in
the utility category which will be discussed later.

Subroutine Libraries. - An extensive library of subroutines is
provided with the operating system. Subroutines referenced
by user programs are automatically included when the absolute
program is constructed by the collector. The library elements
included fall into the following general categories:

Subroutines that support higher level languages (COBOL,
Fortran, ALGOL, etc.). :

Subroutines that provide processor interfaces.
Diagnostic Subroutines.,
Subroutines for improving the efficiency of file handling.

Service routines, for editing, conversion, segment loading
and so forth.

MATH-PACK mathematical functions.
STAT-PACK statistical functions.
The EDIN system contains a growing library of subroutines to

aid the user in the construction of design analysis programs
and to interface these programs with the EDIN data base.
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Applications Programs. The operating system provides many
-applications programs such as APT, GPSS and PERT. These are
described fully in their corresponding manuals. The EDIN
technology module library falls in this category of programs.
Modules for the evaluation of all categories of engineering
analysis are available.

Computer Concepts and Definitions

The Exec B8 operating system is the principal interface between
the user of the EDIN system and the computer. Exec 8 is respon-
sible for such functions as time and space allocation of system
resources, input-ocutput control, interrupt and file protection.
This section describes the computer concepts which are germane

to the' use of the EDIN system and provides definitions that will
prove helpful in understanding the remainder of the documentation.

Absolute Element. - An absolute element is a complete program
in binary form suitable for execution by the executive system.
Such elements normally occur as output from a collection of
relocatable elements with all necessary linkages to external
subroutines already defined. The absolute element is the form
which all EDIN programs are stored in the program library.

Collection. - A process by which individual relocatable elements
are combined to form a complete program (absolute element}. The
process begins with explicate specification of program elements
to be included and typically involves searching subroutine
libraries for additional unspecified elements required to satisfy
reguests from the program under construction. The missing
elements are commonly obtained from libraries of relocable sub-
routines specified by the user. Univac provides an excellent
collector called the MAP processor for constructing computer
programs.

Element. - An element is a named group of information typically
manipulated as a logical subdivision of a file. It often de~
fines a program part such as a subroutine; but can also define
groups of Exec 8 control cards and/or input data information to
the EDIN technology module. There are three basic types of
elements, symbolic, relocatable and absclute. Symbolic elements
contain character strings representing source code, data and
control statements, which can be read by the user if listed.
Relocatable elements are written in binary format and are usually
the result of a compilation or as an option to collection via
the MAP. The absolute element is a complete program unit as
described above.

Language Processor. — The language processor is a computer pro-
gram whose principal functions include compiling, assembling,
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translating or related operations for a specific programming
language (for example, COBOL, Fortran, Assemblier, etc.). A
language processor translates user supplied symbolic information
into a machine language which can be processed by the Executive
System. The EDIN system uses the Univac supplied language
processors but contains no language processors in its library.

Program. - A program is generally a series of instructions in a
form acceptable to the computer to be executed as a task. The
program usually consists of a collection of subroutines supplied
by the user or obtained from alternate library sources collected
in the form of an abscolute element. The EDIN system is based

on the independent program concept and is largely independent
programs constructed for the performance of tasks related to
engineering design integration.

Processor. — A processor is a computer program that is incorpora-
ted as an integral part of the operating system or which has

the ability to manipulate files and elements under control of

the executive. System processors typically reside on the system
llbrary and are evoked in a standardized manner, but are other-
wise treated as ordinary user programs. Processors can also be
constructed by users for specialized manipulation of system
elements and files. The EDIN library contains a number of such
user processors to facilitate the transfer of information w1th1n
the system., -

Relocatable Element. - A relocatable element is an element. con-
taining a program part such as a subroutine in binary format
suitable for combination with other relocatable elements in the
construction of an absolute program. Such elements occur most
commonly as an output of a language processor.

Symbolic Element. - An element containing information in a for-
mat which can be read by a user (typically card images). One
common usage of the symbolic element is as source language in-
put to language processors. However, the EDIN system makes
extensive use of symbolic elements in the construction of design
sequences and for the storage of input data to the technology
modules.

Cataloqued File. - A catalogued file is a file maintained by
the executive for an indefinite period, not necessarily related
to the life of a particular run. These files are generally
retrievable by runs other than the run which originally created
the file. 1In some cases the catalogued file may be assessable
simultaneously by two or more runs.

Cycle. - A cycle is the number used to identify successive up-
dates of files or symbolic elements.
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Data Base. - The data base is an element or file of information
created for the purpose of storing information for later use.
The EDIN data base consists of program files, data files and
control statement files used for the analysis of aerospace
vehicle designs. y
Data File. - A data file is a file in system data format (SDF)
created or updated by one of several operating systems mechanisms.
Usually a system data processor called DATA is used but the ED
processor can also be used.

External File Name. - The external file name is the full name

by which a file is defined to the system for cataloguing purposes.
In addition to the basic name, full identification reguires
gqualifier and cycle information.

File. - A file is an organized collection of data treated as a
unit and stored in such a manner to facilitate access and
retrieval of the information.

Internal Fille Name. - An internal file name is an abbreviated
file name used in an individual run stream and related opera-
tions concerning a particular file, An internal file name may
have an implicit association with an external file name; or it
may be associated to a particular external file name by an
explicit executive control statement.

'Master File Directory. - The master‘filé directory is a directory
of file names maintained by the executive to control the
retrieval and retention of catalogued information,

Private File. - A private file is a catalogued file that can
be assigned and accessed only by runs of a particular project.

Program File, - A program file is a specially structured file
containing a group of elements and residing in online mass stor-
age, The program file can consist of symbolic, relocatable or
-absolute elements.

Public File. - A public file is a catalogued file that can be
assigned and accessed by a run of any project.

Project. - A project is an accounting identification for a user
of computer resources.

Qualifier. = A qualifier is an extension of the basic name of

a file which can be employed by the user to resolve a variety

of ambiguous naming situations. Every file has a qualifier which
is normally applied according to executive system conventions
other than keing specifically stated in references to the file.
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SDF Format. — The system data file format is the standard data
format employed by the operating system. SDF is a sequential
fixed block, variable record format in which records may span
more than one block of information.

Temporary Program File (TPF§). - A mass storage file assigned
automatically by the executive to each run as a convenience to
the user in a wide variety of program file and element manipula-
tion operations. The file is assumed as a program file in the
absence of an explicit file name reference.

Temporary File. -~ A translucent file created by and accessable
-to and existing within the life of a single run only. Temporary-
files are assigned to the run stream for the purpose of tem-
porarily storing information which will not be needed at a

later date.

Run Stream Concept

The run stream concept is employed as the primary interface be-
tween the computer operation system and the user. The run stream
contains the specification of the tasks which will be performed
by the computer. It is the largest working group read and
manipulated by the executive system. The run stream itself is

a seguence of data images which taken as a whole constitute the
specifications of a run. The run stream consists of an @RUN
control statement followed by other control statements and data
which direct the performance of individual tasks. Each task
consists of one or more control statements which provide technol-
ogy oriented or utility operations. Tasks may also be grouped
into partial run streams. The partial run stream may be added

at any point in the run stream by use of the @ADD control state-
ment. The run stream is terminated by a @FIN card which directs
the executive to terminate processing of the run stream. In

the batch stream of operation, the entire run stream is normally
stored on the mass storage facilities before run processing is.
initiated. The executive system schedules the run stream as a
unit. Once initiated, the executive processes the entire run
stream. In a demand mode, the run is normally initiated imme-
diately upon acceptance of the @RUN control statement. The
system continually solicits the demand terminal for additional
run stream input which generally occurs dynamically or on an
interactive or conversational basis. The demand solicitation
continues until an @FIN control statement is submitted from the
demand terminal., Once the run is opened, the executive processes
the control statements as they are encountered. pa batch run
termingtes as the result of an abnormal task termination. How-
ever, 1n the demand mode, an abnormal task termination will not
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terminate the run but simply print the diagnostic message which
causes the abnormal task termination and solicits another execu-
tive control statement.

Every run has an output print file assigned to it by the execu-
tive which is defined at run initiation. However, the-print

file may be reassigned during execution of the run stream. In
generally, all control statements, diagnostic messages and sum-
mary accounting information are printed on the print file as

well as primary output from the user programs. An output punch
file is also created if any user tasks generated punched card
output. In the batch mode all output files are printed at run
termination on a line printer, at the site from which the run
was initiated. In the demand mode printed output occurs at the
terminal as it is generated. Punched output occurs at the cen-
tral site. Printed output may be directed to alternate files
through the use '‘of executive control statements. The alternate
print files can be temporary files which are deleted at the end
of the run or they can be permanent files to be edited or printed
at a later date. The alternate print file capability is the
primary method of controlling the output from large EDIN design
simulations. Print files are selectively created and distributed
in accordance with design analysis requirements.

File Names and Element Names

Each file in the operating system is assigned an unique name to
distinguish it from all other files. The file name is required
in many control statements and directives that are used to
reference files. The following notation is used to specify file
names:

QUALIFIER*FILE NAME (F-CYCLE)/READ KEY/WRITE KEY.
ELEMENT NAME/VERSION (E~CYCLE)

File name 1is used with the basic name of the file and gualifier
is used to establish uniqueness between files that have the same
basic name. F-Cycle is used to identify a particular file from
a set of related files that have the same gualifier and file
name. Read key and write key are used to obtain read and write
access respectively to the file. These keys are not a part of
the file name for purposes of assigning a file.

Qualifier and file name each consist of from one to twelve
characters selected from the set A to Z, 0 to 9, minus and dollar.
F-Cycle is an integer number. Read key and write key each con-
sist of one to six characters. Any character may be used except
blank, comma, slash, period and semicolon. File names and
element names are used extensively in the EDIN system. since the
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data base elements are constructed within the Univac 1100 series
mass storage media.

Executive Control Statements

Control of the operating system for the Univac 1100 series com-
puter is accomplished through.a set of executive control state-
ments. These statements direct the executive system in the
processing of a run. Control statements may evoke executive
functions such as scheduling, assignment of facilities (files)
etc. or may cause the execution of a user program Or a processor
(that is, a task). The executive control statements are de-
signed in a compact and descriptive manner to facilitate use
and yet provide access to all of the features of the executive
system. A complete description of the executive control state-
ments is provided in the Univac operating system manuals (see
figure 2). A summary is provided here to familiarize the
potential user of the EDIN system with the background necessary
to understand how the EDIN system operates. '

Control Stateﬁent Format. - Control statements consist of the
recognition character @ and three major sections:

The Label Field
The Operation Field
The Operand Field

A transparent control statement format is also provided that
consists of a double recognition character @@ followed by only
the operation and operand fields. The transparent control field
is used during the execution of a program, processor or task.
Each of the contreol sections on the control statement may con-
tain one or more parameter fields and each of the parameter
fields may be further subdivided into parameter subfields. The
recognition character is called a master space @ on a terminal
or a 7/8 punch for punched cards or equivalent for other devices.
The recognition character must always appear in column 1. The
format of the control statements with certain exceptions is

free form. That is the order of the parameters fields within
the control statements is fixed but the parameter fields are

not restricted to a particular column.

Label Field. - The label field is optional on the control state-
ment and is generally used to identify a position in the run
stream to which control ‘is to be skipped following a dynamic
adjustment to the run stream. The label is used in the EDIN
system for contreolling design sizing and matching loops.
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Operation Fields. - The operation fields contain the command

and options associated with the command. Unless the control
statement is used only as a label statement, the command field
must always be specified as it determines the basic operation

of the control statements. The command actually specifies the
execution of a system processor and the options are control
characters which are interpreted by that processor to specify
the actions which the processor will perform. The command field
is terminated by one or more blanks, or if options are specified,
by a comma. On some control statements the options may be
broken into subfields, each of which is separated by a slash
(/). A blank character or series of blank characters separate
the operation field from the operand fields.

Operand Fields. - The operand fields specify parameters associated
with the command fields. They are separated by commas and are
specified by the user as dictated by his reguirements. The con-
tent of the operand field, the number of operand fields and
whether each is required or optional varies with the command
selected. Operand fields in turn may contain parameter subfields
that are separated by the slash. For the most part, these sub-
fields are optional within a field. Thus it is possible to
specify parts of a field without specifying the entire field.

A common use of the operand field is to specify file names and
element names on which the control statement is agpplied. However,
many other uses are made of these fields by the system processors.

Transparent Control Statements. - A special mode of processing
control statements is available during demand processing. This
mode directs the executive to process the control statement
immediately after it is input from a remoté entrv terminal. The
processing called for by the control statement is also done
independently of any current program execution or control state-
ment processing in the run stream., This mode of executing a con-
trol statement is specified by a double master space @@ on the
control statement. This mode of operation is called transpar-
ent mode and control statements which can direct or specify this
mode of operation are called transparent control statements.,
Transparent control statements are a subset of the total control
statements set. The rules for using the transparent control
statement are identical with normal control statements with the
exception of the additional identification character and the
absence of the label option on the transparent control statement.

Summary of Control Statements. =~ The executive control statement
can be divided into eight groups:

Scheduling Statement.

Message Statement,
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Input/Output Directive Statement.

Facility or File Handling Statements.

Data Preparation Statements. '
Progrém Execution Statements.

Dynamic Run Stream Modification Statements.

Checkpoint and Restart Statements.

Figure 4 lists all of these control statements in their respec-
tive groups and presents a brief description of each statement
function. In addition, the following transparent control state-
ments perform the same function as the associated control state-
ments described in the tablie., @@S3START, GEBLOG, @@ MESSAGE, @EHDG
@@syYM, @@BRKPT, R@QASG, @EMSG, @@HDG, @@SYM, @@BLKPT, Q@ASG,
@@MODE, @@CAT, @E@FREE, @QRUSE, @@QUAL, @@CKPAR, ©@HERSPAR.

Certain control statements, because of the complexity of their
close assoclation with concepts discussed in the Univac supplied
manuals, are not discussed in this report. The user is referred
to the appropriate documentation for detailed usage information
(see figure 2).

'File Utility Routines

In addition to the executive control statements, there is a

set of control statements recognized by the executive as calls
for the File Utility Routine (FURPUR). When the executive
encounters a FURPUR control statement, it loads the FURPUR
processcr. FURPUR continues to process control statements until
signaled by the executive that the next control statement is
not a FURPUR contreol statement. Figure 5 summarizes the name
and function of each FURPUR statement. The operand field may
contain file name, element name or a parameter value depending
"on the control statement and its use. The FURPUR processor auto-
matically assigns any catalogued file that is not assigned when
the FURPUR control statement was encountered. If the FURPUR
operation is a modification of the file, the processor places
the file in "executive use" state as necessary to carry out the
specified operation. After use, the FURPUR operation automati-
cally returns all files to the assigned status the field had
before the FURPUR processor control statement was initiated.
Temporary files must be assigned by the usexr. The file utility
routines are critical to the operation of the EDIN system be-
cause the EDIN system uses the mass storage .media of the 1110
series computer for all portions of the EDIN data base.

22



STATEMENT .CONTROL
GROUP STATEMENT DESCRIPTION
Scheduling @RUN Appears at the beginning of each run.
Statements Provides accounting, scheduling and
run identification information.
@FIN Appears at the end of each run.
@START Used to initiate the execution of an
independent run.
Message QLOG Places user specified information in
Statements the system log.
@MSG Places a message on an operator's (cen-
: tral site} console.
Cutput @HDG Used to place a heading line on print
Directive output.
Statements @SYM Used to direct nonstandard output action.
@BRKPT Used to segment primary output files
and to close alternate print files.
Facility @ASG Used to assign files (peripheral devices)
Statements and catalogued files to a run.
@CAT Catalogues mass storage files.
@FREE Used to deassign a file and its input/
output device or mass storage area.
@USE Used to set up a correspondence between
internal and external file names.
@QUAL Used to define a file name qualifier.
‘FIGURE 4A  SUMMARY OF EXECUTIVE CONTROL STATEMENTS,

(PART 1 OF 2)
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STATEMENT CONTROL
GROUP STATEMENT DESCRIPTION
Dynamic @ADD Used to dynamically expand the run
: stream.
Run Stream
Modification @SETC Places a value in the condition word.
Statements @JUMP. Used to bypass a portion of a run stream.

@TEST Used to test the condition word when
determining portions of the run stream
to be processed or bypassed.

Checkpoint @CKPT Used to establish a checkpoint dump

s that may be used for restart at some

s future time. 7

Restart @CKPAR Used to establish a program checkpoint

Statements dump that may be used for restart at
some future time.

@RSTRT Used to restart a run at some previously

_ taken checkpoint.

@RSPAR Used to restart a program at some pre-
viously taken checkpoint.

Program @NAME Used to execute a processor.
Execution @MAP Used to call the collector and prepare
Statements an absolute element.

@xQT Used to initiate the execution of a
program.

@EQF Used to separate data within the run
stream.

@PMD Used to take edited postmortem and
dynamic dumps of the program just
executed.

Data @ELT Inserts or updates a program file ele-

Preparation ment from the run stream.

Statements @DATA Used to introduce or update a data file
from the run stream.

@END Used to terminate a data file.

@FILE Used to cause the direct creation of a
file containing data taken from the run
stream. s '

@ENDF Used to terminate the data that follows
the @FILE statement.

FIGURE 4B SUMMARY OF EXECUTIVE CONTROL STATEMENTS,
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FURPUR
CONTROL
S TATEMENTS

@CHG
@CLOSE
@COPIN
@COPOUT
éCOPY
@DELETE

@ENABLE
@ERS

@FIND

EMARK
@MOVE
@PACK
@PCH

@PREP

@PRT

@REWIND

DESCRIPTI1ON

Changes element name, version name, file name,
read key, write key and mode of . a file. -

Writes two hardware EOF marks on a magnetic tape
file and rewinds the tape.

Copies elements from an element file located on
magnetic tape into a program file on mass storage.

Copies a program file, or selected elements from
a program file, located on mass storage onto a
magnetic tape file in element file format.

‘Copies a file or element from one file to another.

Drops catalogued files or marks elements in a pro-
gram file as deleted.

Clears the disable flags for catalogued files.

Returns to the system all mass storage space
allocated to a file.

Locates an element in a magnetic tape file (file
must be in element file format} and positions the
file before the element's label block.

Writes two hardware EOF marks on a magnetic tape
file and positions the tape between the EQF marks.

Moves a magnetic tape file forward or backward
over a specified number of EOF marks.

Rewrites an entire program file, removing specified
types of elements {(depending on the options speci-
fied) and all elements marked as deleted.

Punches program file elements into 80-column cards.

Prepares a program file to be searched for sub-
routine references.

Provides a listing of the master file directory
items for catalogued files, information regarding
temporary files, the table of contents of a program
file or the text of symbolic elements. Listings of
absolute or relocatable elements may be obtained
using the LIST processor.

Rewinds magnetic tape files back to the load point
of the first real.

FIGURE 5 FURPUR CONTROL STATEMENTS.,
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Systems Symbolic Processors

Files and elements which contain symbolic data can be processed
in various ways using the systems symbolic processors that are
available to the user. Available processors are:

l. CULL - which generates a listing of symbols cross-
referenced to the element and line in which they are
found.

2. DATA - which inserts, updates and corrects data files
from within a run stream.

3. ED - which permits conversational editing of symbolic
files and elements.

4, ELT - which inserts and updates symbolic elements in
a program file from within a run stream.

5. LIST - which generates an edited listing of any type
of element.

In addition to the symbolic processors, the @END control state-
ment which operates in conjunction with the DATA and ELT
processors, is availlable.

ELT Processor. - This processor introduces an element into a
particular program file and makes corrections to the symbolic
element in a program file specified in the run stream. If a

new element is specified, the input images to the ELT processor
are placed in the run stream following the ELT control statement.
If the ELT processor is used to modify an existing file, then
modifications placed in the run stream are made to the element.
Options are available for processing both data and control state-
-ment elements. If control statements are to be processed by

the ELT processor, then the D option must be evoked, and the
@END control statement must be used after the last statement

to be processed. The rules for modifying the existing elements
using the ELT (and other data) processors are described in the
appropriate Univac documentation (see figure 2).

Data Processor. - The data processor introduces, updates and
corrects system data format (SDF) files from the control string.
The data processors operations are terminated by the @END con-
trol statement who sentential matches are sentential on the

data control statement. Any control statement with the exception
of the @FIN and @ADD,D control statement may be processed by

the data processor. The data processor allows the user to build
data files which are an entire or partial run stream. These
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files can then be called on by the @START control statement to
start an independent run or by the @ADD control statement for
inclusion in the current or subsequent runs.

ED Processox. ~ The ED processor is a TEXT editor which allows
the user to conversationally edit the symbolic file or-element.
It allows insertion, deletion and replacement of text and can
“merge and split existing files and elements. The ED processor
is by far the most versatile and widely used symbolic processing
capability on the Univac computer. The ED processor operates

in two modes, input and edit. In the input mode all lines
entered are directly inserted into the text. In the edit mode,
various commands may be used to modify existing text. Changing
between modes is accomplished by entering a blank line carriage
return, Most editing commands explicitly reference a single
part of the text. This is accomplished by an internal cursur
maintained by the ED processor. The cursur may be positioned
directly by some commands and indirectly by others. A thorough
understanding of the use of the ED processcor and the associated
commands is recommended to the ED user. However, figure 6 pro-
vides a brief list of the commonly used edit commands which are
available for the construction and maintenance of symbolic files.

CULL Processor. - The CULL processor scans a collection of
symbolic elements and prxoduces a cross reference listing of the
symbols found; the elements and the lines on which they occur.
A list of symbols which are either to be omitted from the sort
or the only symbols to be included in the sort may be specified.

LIST Processor. - The LIST processor produces an edited listing
of any type of element. For symbolic elements, the image, the
line number and the appropriate procedures name table is printed.
For relocatable and absolute elements, each text word is printed
in twelve digit octal code. :
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DESCRIPTION

COMMAND

ADD Adds all or portions of a named file or element to
the current file or element. The added information
may be 'in place or at the end of the current file.

CHANGE Replaces a specified character string with ancther
character string. The action may be specified
global or first occurrence only. The action may
also be specified for a set number of lines or for
all lines beyond the cursor.

DELETE Deletes lines from the text. The action may be for
the current line, a set number of lines or a spec1—
fied range of line numbers.

DITTO Duplicates a line or range of lines from within the
current file at the cursor position.

INSERT Inserts a specified string of characters at the
cursor position.

LAST Positions the cursor at the last line of text.

LNP Prints a specified line or range of lines of text
together with line numbers.

LOCATE Searches the text from the cursor position for a
specified string of information.

MOVE Moves a specified line or range of lines to the
cursor position.

NUMBER (Numeric input) Locates and positions the cursor

at the specified line number.
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The Collector

In addition to the language processor which generates program
elements in relocatable form, the Univac 1100 series operating
system provides the ability to combine the relocatable elements
generated by a language processor into an executable (absolute)
element. This combination or collection of relocatable elements
is done by the @MAP system processor (or collector). The abso-
lute element produced by the collector is structured such that
the executive program loader can place it in execution. Once
the absolute program has been created (that is, collected), it
may be saved and re-executed many times. The Program need only
be recollected when a modification to one or more of the re-
locatable elements is desired.

An absolute element (program) is placed in execution through
the use of a program execution control statement {(@XQT) within
the control stream. When an @XQT control statement is encount-
ered by the executive, the program named in the operand field
is retrieved from its mass storage file, loaded into main stor—
age and executed. For a special class of programs (processors),
the processor control statement initiates execution.

During execution a program can control which parts of the
absolute elements are in main storage by regquesting the execu-—
tive to load previously defined program overlay segments or by
linking to program banks. In addition, the program has the
capability of attaching to or linking to other Previously de-
fined absolute elements. The program has the ability during
execution to dynamically control the execution of other semi-
independent absolute elements.

The collector is called by the @MAP processor control statement.
It provides a direct means of collecting and interconnecting
relocatable elements to produce a program in an executable form.
This form is called an absolute element. Optionally, the
collector can be used to create a single relocatable element
from a collection of several relocatable elements. The three
basic inputs to the collector are:

1. The parameters supplied on the @MAP control statement.
‘2. The information supplied by the collector directives.

3. Relocatable elements taken from various sources, such
as:

a.  The temporary program file (TPFS).
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b. User-created program files.
c¢. The system's relocatable libréry (SYSS*RLIBS) .
The three basic outputs of the collector are:
1. An absolute or relocatable element.
2. A symbolic element.
3. A program listing.
The primary output of the collecteor is the relocatable or
absolute element which results from the collecting and linking
of the various relocatable elements. This element is given a
name and placed within a program file for subseguent use. Both

the element name and the file in which the element is placed
may be dictated by the user.
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DATA MANAGEMENT SYSTEM

The EDIN system provides a balance of data management techniques
which consider the inherent capabilities of the computer opera-
ting system, past efforts in the storage and retrieval of '
stratified data and the recent development of some flexible
paging technigques for the transfer of information between the
computer core and the mass storage of the computer. The Univac
Exec 8 system provides the resources for the storage of large
complex data files, for the storage and retrieval of the files
and for the cataloguing protection and backup of the files.

The executive system has several processors with instruction
sets for manipulating the data retained in mass storage. A
limitation on the operating system capabilities arises in access-
ing the subfile level of information in the system files once
the file is addressed.

The EDIN data management system is designed to subdivide the
files in a manner that will allow the data which is retained in
‘mass storage to be accessed at any level from the single para-
meter level to a large matrix of data. Rather than constructing
an extensive single computer program that attempts to be every-
thing to everyone, the EDIN data management system provides a
three-level data management capability. This approach permits
the individual designer using the system to make his own decisions
~with regard to the storage method and techniques. It also per-
mits the flexibility of using ex1st1ng data sources not specifi-
cally created for EDIN.

The three levels of the EDIN data management system are built
upon one another as illustrated in figure 7. The lowest level
deals with the interface between the data in mass storage and
the computer operating system. The file level of the data manage-
ment -system is provided by the Exec 8 software and consists of
the file utility processor FURPUR, the file administration
processor SECURE and other system level processors. The system
processors are accessed using Exec 8 control statements. There-
fore, file level software may be used directly by the designer
for transmitting large structured blocks of data or the files
themselves to be accessed by the programmer who seeks economy
above all else, The file level constitutes the foundation for
all higher level data management components.

The second level of the EDIN data management system provides the
mechanism whereby the files can he organized into blocks of

data called pages. Pages of information can be organized in a
number of ways and names can be given to each page. A pointer
system or directory is maintained by a Fortran callable software
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package, called DMAN, a subroutine utility package maintained
in the EDIN library.

The third and highest level of the data management system is
provided to make the system more usable to the designer who may
not be a programmer. The capability is provided in the DLG
processor which is designed to maintain a data base of stratified
information, the stratified data can be selectively accessed

and merged with the input stream of the EDIN technology programs.
This level also provides the interactive language structure
which allows the designer to sit at a remote terminal and inter-
act with the data base directly as he develops a design. The
DLG processor also contains routines for processing the output
from the technology programs for the storage of design informa-
tion in the data base. -

Although the user may access the data base through any cof the
three levels, it is the lowest level maintained by the Exec 8
system which actually stores and retrieves the data. Exec 8
handles all of the underlying data management functions including
file assignments, file directories and maintenance and security
procedures as well as the data block transfer to and from mass
storage. The Exec 8 system is discussed in the previous section
and a thorough treatment of the first level data management is
provided by Univac in the appropriate User Documentation (see
figure 2). The following discussion deals with the second and
third level of the EDIN data management system.

DMAN Software Package

The storage and retrieval of the multitude of data pages which
constitute a design data base are managed by DMAN, When a data
page is stored, it is given a page name. DMAN keeps a directory

of all the names of data pages on a file and the disk addresses
where those pages may be found on the file. This makes it possible
for a symbolic name rather than a numerical index to be used to
access a data page during its residence on the file.

DMAN provides all of the basic data management functions to handle
variable length data pages while allowing them to bhe referenced
by name. A data page may be stored on any file which has been
established for data base use. All or portions of a data page
contents may be retrieved. Modification of the contents of a

data page is permitted, including that which requires increasing
or decreasing the size of a page. Finally, removal of a data

page from a file may be accomplished.
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DMAN Usage. - The DMAN data management system is a Fortran call-
able software package which has been written for access and re-
trieval of data from the EDIN data base. The package consists
gf the feollowing subroutines which must be included in the call-
ing program:

DMAN Basic Read/Write Controller.
NXTAD Extend File Routine.

UPACKTY Character Unpack Routine.
RITBF Write Routine.

PACK7" Character Packing Routine.
REDBF Read Reutine.

NWBLK Create a New Block for Data.

The use requires the following declarations in the user program?

COMMON/UNITS/IAREA (273)
DATA IARFA/0,n,271*0/
INTEGER IT(5),IBUF ({256}

where n is the file number where the data base is stored. The
usage is as follows:

CALL DMAN (IOP,IT,N,IDATA,IBUF,TIAREA(1),IAREA(2)})

I0P The read/write option. A further discussion of
these options is given later.

IT A five word array containing the data title. &
further discussion of the titles is given below.

N This variable contains the number of words in
IDATA to be read or written. When reading, and
the requested list cannot be satisfied, this
value is reset to the number of words actually
read, so this item must always be a varlable
when reading data. -

IDATA An integer or real array containing the data
to be stored in the data base. There is no
restriction on the length of this array.

IBUF A 256 word buffer area for use by DMAN.,
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IAREA This is a unit dependent area needed by DMAN.
It must be dimensioned 273. One IAREA is re-
quired for each unit using DMAN. The double
‘appearance of this array in the calling sequence
is required for interal addressing purposes.
This area must be protected, such as in COMMON,
and must be reserved for use by DMAN while this
file is being used.

A Discussion of IT. - There are two significant portions to the
five word array IT. The first three words of the title are
user supplied hollerith words which represent the name of the
data item which is to he accessed or stored in the data base.
If this is the first access of this data in the data base, the
fourth word must be set to zero. This zeroing of the fourth
title word will also return access to the beginning of the data
set stored under the title given in the first three words.

The fourth and fifth words of the title are reserved for use

by DMAN. If the fourth word is zero, a search is made of index
arrays to find the address of the desired data set. This
address is then inserted into these two words. Each time some
activity occurs using this title, the address stored in these
two words is updated so that this address always refers to the
next word after the last word accessed. This eliminates the
need to search the index arrays for each access of the data.

A Discussion of IOP. - IOP controls the type of reading or
writing done by DMAN. The I/0O options are:

I0P = 10 - write a matrix. The complete data set to
be stored under the title IT is present in IDATA.

= ~10 - read a matrix.
= 20 - write a single fixed length record.

= -20 - read a single fixed length record.

= 21 - write a single variable length record. Us-
ing this type of write option, an end-of-record
mark is inserted after the end of the record. Any
variable length record read will not pass this mark
when reading. If the read is a fixed length record
read, however, this mark will be ignored.
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10P

IOP

I0p

= =21 - read a variable length record. In this

case, N is the number of words requested. The read
will continue until N words have been read, and end-
of-record mark is found, or the data set is exhausted,
whichever comes first. The value of N will be set

to the number of words actually returned.

= 30 -~ extend a data set with a fixed 1eng£h record.
The data in IDATA is to be appended to the existing
data set stored under the title in IT.

= 31 -~ extend a data set with a variable length
record.

NOTE: If a read attempt is made, which will extend
the read past the end of the stored data set, or
the «data set requested has not been stored, the
following values will be returned by DMAN:

N=0 and IDATA(1)=3LEOD.

= 6HPURGE - this option will cause the title given
in IT to be purged from the index array.

= G6HCLEAR - this action will cause the buffer IBUF
to be cleared. That is output to disc if necessary.
This action is necessary before releasing the buffer
to other uses, or existing a subroutine or overlay
under conditions which will not protect the buffer.

= BHCLOSE - this action conditions the data base

s0 that the entire contents of the data base do

in fact reside on disc. It is necessary to execute
this statement on any catalogued data base to in-
sure that its entire contents are on disc., Normal
activity may proceed after the function is called,
and this function may be called as many times as
desired.



The DLG Processor

The level three (3) data management is provided by a user con-~
trolled processor called DLG. The DLG processor is an

1109 series Exec 8 computer program designed to read, modify,
manipulate and replace symbolic images. DLG is controlled by
a set of user supplied directives (or language elements) which
provide the basic capabilities of the DLG processor as follows:

l. Language elements for the construction and maintenance
of a data base which is independent of any other com—
puter program.

2. Language elements for processing information generated
by other computer programs.

3. Language elements for automatically retrieving data
base information as input to any other computer pro-
gram.

4. A simple technique for editing and interrogating the
data base and for generating summary reports of data
base information. ‘

The DLG processor can be used to form a linkage between engineer-
ing technology modules through the manipulation of common infor-
mation in the data base. The use of the system for this purpose
requires the prior assimilation of the following basic components:

1. A library of independent technology programs including
the DLG processor.

2. The control card sequences for the execution of the
technelogy medules.

3. The setup data for the technology modules which perform
the desired analysis function.

The. basic components are often available without additional pro-
gram development. The program sequencing and intercommunication
required to integrate the basic components into a design simula-
tion are established using the Exec 8 run stream concept. Data
base requests for common information are established by the
formation of skeletonized data elements containing execuvtion
control cards and/or technology module inpgt data. The skeleton
elements are processed or filled out by the DLG processor using
data base information.
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The procedure for implementing the linkage is to read output
data from one module, insert a selected subset of the resulting
data into a stratified data base and then selectively extract
this and other stored data for placement into the input stream
for other applications programs. The linkage is illustrated

in figure 8. The effect is to provide a unified analysgis involv—
ing several modules operating from a single source of data.
Repetition of execution seguences can be triggered by looping
criteria residing in the data base.

DLG Usage

Control Statement.-
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@DLG.DLG,options lfn.eltl,l1fn.elt?2

Option Specificdtions., -

I Scource input will follow the processor card.
Source output will be placed in eltl.

L Source input data will be listed.

0 Source output data will be listed.

D Card cracking information will be listed.

E Solicitation and result of directives will be printed.

S List interrupt mode will be invoked.

M | New data base files will be generated with this
execution.

B Build option will be invoked. This option specifies

that all data directives of the form:

'name name=value—--

or

Sname name=value—---

This will permit the addition of data to the data base
regardless of the directive name. Otherwise, only
those data base variable names, which were previously
defined in the data base, will be updated unless the
data directive name is ADD or DEFINE.

The B option may not be invoked via the "ON" command.
If desired, it must be present on the processor call
card.
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FIGURE 3 USE OF THE DLG PROCESSOR.
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Syntax Definition. =

name

' {guote
or
prime)

1fn

text

L]

Must be six {6) or less alphanumeric cﬁaracters
and begin with an alphabetical character.

The DLG delimiter. Strings that occur between
pairs ¢f delimiters will be processed by DLG.

Strings external to primes will be passed "as is"
into the output element.

KO- T T

The underliine on a command indicates an optional
character string which may be used as a directive.

Indicates a data base value in real, integer or
hollerith format.

Indicates integer constants used in the directives.
Exec 8 file element name in program file format.
Exec 8 logical file name in system data format.
Textual information.

Indicates optional items on the line.

Summary of DLG Directives. - The DLG directives are summarized

below.

Underlines are optional character strings. All commands

are excluded data base names.
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"name’
'ADD
'CHANGE

' COMMENT

or
'

' CREATE

'C5IF or
'ER

'DBLIST

Replace name with information from the data base.
Replace specified information in the data base.
Change wvalues in common IDLOG.

User description with null effect.

Create a new data base.

Submit executiwve control statement.

Print the names of all random access data bases
on the data base file.



' DEFINE Place description in data base directory.
' FORMAT Format free data base information in place.

-

'INSERT Insert binary SDF data in place. -

'ON Mode activation.

'OFF Mcde suppression.

'PRINT Print data base information.

"USE Specify a circular data base search.

' UPDATE Update a specified data base.

Descriptions of Control Directives. -

'ADD name' - Specifies that information will be added to data
base.

'"ADD name=value'

'ADD name=name'’

'ADD name=value,value,---"

'ADD name=name, néme ="

'ADD name=name op name, name op value,---'

+ Add
- Subtract
where op = / Divide
* Multiply
** Exponentiation
' CHANGE number=value' - Using the integer number 'number' as an

index. into the master common block, IDILOG, the current value
is replaced by 'value.'

'COMMENT ' = This is a null card and is discarded by DLG.

'CREATE name,DIRLEN=number,LENDES=number,LTOTAL=number' ~ The data

of name 'name' is brought into existence on the data base . file.
Optional parameters are DIRLEN - the dlrectory length (This
should be a prime number.).

LENDES - Length in computer words of the descripticn.
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LTOTAL - Total size, in computer words, reserved for the
data base.

'CEANGE' -

Exanple "CHANGE 27=3"

Location 27 of the common block IDILOG will have its value
replaced by an integexr 3.

'"COMMENT' - A null card. The delimited field is removed from
the card. If the resulting card is BLANK, the card will be re-
moved from the run stream.

'CSF @ Control Statement' - Spccifies that an execution control
statement will be processed using the standard CSF$ package. The
following control statements may be used: :

@ADD @CKPT @RSPAR .
@ASG @FREE @RSTRT
@BREPT @LOG @START
@CAT @MODE @sYM
@CKPAR @QUAL @USE
Example:

'CSF @USE 25, DBASE!
'CSF @ADD DUSEFIL.DLOG!
'CEF €QUAL B'

'DEFINE name=value,text' - Stores a textual description with
the name in the data base directory. If the name is a new

directory entry, the value is the number of data base entries
allotted. Existing data is unaffected and new data is not added.

'DEFINE A, LETTER 1' - Stores the description, LETTER 1,
with the name A.

'"DEFINE B=10, BARRAY' - Stores the description, BARRAY,
with the variable name B and allots
10 data bhase entries for B.

'FORMAT name=value/value, (Fortran compatible format statement)’
Extracts freely stored data from the data base and places into
the output elements in accordance with the given format.

"FORMAT A=6/3, (1X,3F15.3)"'
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The six items of A are output into the named element, 3
on a line through the (1X,3F15.3) format.

'INSERT name=value/value' - Specifies that binary coded informa-
tion the SDF file name will be placed in the source output
element in 14A6 format.

'ITNSERT A' - Entire file of data in A will be transferred

to source output element.
;INSERT B=5-13" - Inéert data ffom B from records 5 through
3.
"INSERT C=5*EOF' - Insert records from file C records 5
to the end-of-file,
Other Examﬁles - 'INSERT A,B=5-23, C=5*EQr'
'name’ - Specifies a simple replacement of named information

with data base parameters or arrays.

'REAL’ Real parameter or array.

'INTEG" Integer parameter or array.

'"HOLITH' Hollerith parameter or array.

'LOGICL' Logical parameter or array.

'ARRAY (j) ' Real or integer element of an array, j must

be a constant greater than 1. A value of
J=1 will cause the transfer of all of j.

'ON name,name-~~' - Mode activation directive.
'OFF name,name--~' - Mode suppression directive.
P or PAGDMP Print card cracking information.
O or OUTDMP . List logical file 1 data. k
N or INDUMP List source output element.
C or CONTINUE Activate continuation card option.
L or LIST List source input information.
S or SPLIT Interrupt mode.
E or EDIT Edit mode (demand response to printer).
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'"PRINT name' - Specifies that data information will be printed.

'"PRINT name=A, 2’ Print all information in name.
"PRINT name=n,m’ Print entries n through m alphaketically.
"PRINT name’ Directory and first data base entry

of named data base.

"PRINT' 7 Directory and first data base entry of
current 'USE' assigned data bases.

'USE' -

'USE A,B,C' - The data bases named will be circularly
searched in the order given for variables used in replace-
ments. All will be searched once before a NO FIND is de-
clared. It should be noted that this command may cause
very excessive SUP changes if not carefully used.

'UPDATE name' - Specifies that the named data base will be up-
dated with the information which follows:

'"UPDATE A' ~ Specifies that the data base A will be updated
with the data which follows.
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‘Processor Interface

The processor interface is a Univac 1100 series EXB utility
subroutine, IF, written in assembly language. 1IF is designed
for use by the FPORTRAN programmey in the constructionm of a
processor. It allows the information on the processor call
card to be made available to the user program. Two fields on
the processor call card are available to the user. The first
is the input field, and the second is the output field. The
I option implies only the first field will be used. This
field will be the output field.

Usage. - The programmer is assumed to have a minimum working
knowledge of Univac's EXEC 8 operating system and the use of
such system processors as ELT, FOR and FURPUR. There are three
entry points into the subroutine: SIREAD for reading from the
SI field, PGMOUT for writing to the 50 field, and DONE for
closing the file. The calling sequences and the associated
arguments are as follows:

CALL SIREAD (Serr,Seof,IMAGE,'word')

serr Statement number to be transferred to in
: case of error.

$eof' ) Statcment numpber to bhe transferred to when
an end-of-file is reached.

IMAGE An array containing the image you want
written out. Normally, this is 14 words
long.

'word' This word is used to delete words from the

right, back to the left to make the image
as short as possible in order to consgerve
disk space. For card images, this would

be a word of blanks: for binary informa-
tion in internal machine format, zero would
be best.

SIREAD Stands for source input read.

CALL PGMOUT (%err,Seof,IMAGE, 'word')

serr : Statement number of location to be trans-—
ferred tg in the event of an I/0 error.
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Seof A dummy argument.

IMAGE The array containing the image of words
to be written out (normally dimensioned
14}.

'word' As the image is compressed on disk with

the trailing null words dropped this word
is used to fill out the image so that when
it is returned to the user, it is the full
14 words long.

PGMOUT Stands for program output.

CALL DONE (Serr)

This call nmust be executed prior to con-
clusion of the program. It will drain any
uncompleted buffers, close and release to
their original status any attached files.
If this entry is not calied prior to pro-
gram termination, the created element of
50 field will not be properly created.

Restrictions. - There are three important limitations on the
use of TI':
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2.

There can be only 2 fields on the processor card.

SI READ must be called prior to any reads from the
standard system input device, the card reader (unit
5 in FORTRAN); otherwise, read errors will occur.

Once the entry DONE is called, none of the entries
into IF may again be referenced (the program will
error off if this rule is violated).



Technology Module Interface Package

The communication of information from a technology program to
the EDIN data base generally requires modification of the
applications program. This modification is usually trivial and
requires little programming knowledge to accomplish. The objec-
tive of the modification is to create a special file of informa-
tion which contains a format suitable for reading by the DLG
processor. The information is placed on the special file by

the technology program. The file is later integrated by the DLG
for possible placement of the information into the EDIN data
base,

A series of four routines for printing the common types of data
in a format readable by DLG are available. They may be called
at any point in the calculation sequence for generating EDIN
output. The format simulates the control directives format used
in the DLG processor.

ADDREL - For printing real variables and arrays.
ADDINT - For printing integer variables and arrays.
ADDHOL - For printing Hollerith variables and arrays.
ADDLOG - For printing Logical wvariables and arrays.

The output is similar to the format of NAMELIST for one variable
.name only with any number of associated values. Each subroutine
has the same calling sequence characterized as follows:

CALL ADDREL (LU, NAME, NUM, VALUE)

LU - Logical unit or special output file.

NAME - Desired name chosen by the analyst/programmer.
It may be a stored name set by a Fortran data
statement or can be set in the calling seguence
as nHname.

NUM -~ Number of values in the array. For a single
variable NUM=1,

' VALUE - Internal variable or array name (starting
location]).

The subroutines for the other variable types have the same calling
sequence. The primarxy difference among them is the format used
for writing the variables and the special output file. Each
output is a DLG control directive format, The name associated
with the directive is set by a data statement in the individual
subroutines. The data statement may be set at the time the
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technology program is modified. Usually it is desirable to use

a name which 1s reminiscent of the application program name.
The selected name may be precisely the same as the acronym used
to execute the application program in EDIN. The reason for
such a choice is that the girective name is stored in the EDIN
data base. A print of the data base prints the last @irective
which updated each variable in the data base.

For most technology programs, the use of the software described
above is adequate. However, certain programs generate data
base information in a Fortran "DC LOOP." In these instances,
the package (by itself) can not satisfy the EDIN requirement

of separate names for different data elements and arrays.

The most convenient way to make this program and others of
this type compatible with EDIN is to provide some name-genera-
ting capability 'with the applications program. Function sub-
routines which provide this capability can be called as
illustrated below:

NAMGEN (NAME, K, J)

NAME = The desired roct name.

I = Concatenated number occupying the first one or
two BCD character positions beyond the root
name .

J = Concatenated number occupying the second one
or two BCD character positions beyond the root
name.

An example would be:
NAM=NAMGEN (4HNAME,1, 2)

In the above illustration, the name NAME would be extended
by the BCD characters 1 and 2 concatenated to it and stored
in NAM,

NAM=6HNAME12

A maximum of 6 characters may be generated. This limit is
imposed by the word size limit for EDIN data base names.

Usually the NAMGEN function is used in conjunction with the
NAMELIST simulator described above in the following manner:

48



CALL ADDREL (LU,NAMGEN (NAME,I,J),NUM,VALUE)

In the illustraticon, the name is generated within the
calling sequence of the subroutine which prints the simu-
lated namelist for the generated name.

.
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PROGRAM LIBRARY

The following sections describe the current EDIN program library.
The independent program elements, which form the library, are
resident on the Exec 8 system or are readily available for
incorporation should they be reguired. Many of the programs

are nationally recognized, references 17 through 30. Others
were specifically developed for the EDIN system.

The library is arranged according to the specific groups of
application's software. These groups are defined in the follow-
ing paragraphs. 1In addition, a series of abstracts are provided
on the software programs available to the EDIN system.

Geometry

The geometry applications software is a collection of special-
ized geometry generators. Software which generates geometry
or uses formatted geometry as an input is included in this
classification. The following list of geometry application
software and descriptions are available in the EDIN library.

ATRFOIL: A Program for Generating Geometric and Aerodynamic
: Characteristics of Airfoil Sections.

GEOMETRY : Body Coordinate Generator.

PANEL: A Program for Generating Panelled Configuration
Geometry.

VAMP : Volume, Area and Mass Properties.

WETED: Wetted Area and ﬁeference Length Program,

SFIT: A Surface Fitting Program which Generates Surfaces

over Cross-Sectional Definitions. The Surfaces
Generated are Defined by Cornerpoint Geometry.

AIRCFT: Program to Generate Aircraft Type Configuration
' Geometry. '
GTM: Geometry Technology Medule for Generation, Mani-

pulation and Display of Cornerpoint Geometry.
Aerodynamics, Stability and Control

The Aercdynamics, Stability and Control applications software
are those programs which perform configuration design analysis

for predicting stability and control derivatives and aerodynamic
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properties through various flight regimes. These programs and
program descriptions are summarized as follows:

'AIRFOIL: A Program for Generating Geometric and Aero-
dynamic Characteristics of Airfoil Sections.

DATCOM: Configuration Design Analysis Program (TRW).

DATCOM?2: Configuration Design Analysis Program (MDAC).

HABACP: Hypersonic Arbitrary Body Aerodynamic Computer
Program. .

SKINF: * Turbulance Skin Friction Drag Program.

TOLAND: " High Lift Aerodynamics Prediction.

TREND: Subsonic/Supersonic/Hypersonic Aerodfnamic
Tradeoff Program.

WDRAG: Zero-Lift Wave Drag Program.

WETTED: Wetted Area and Reference Length Program.

Propulsion

The propulsion applications software would include those pro-
grams which are used for rocket engine sizing, thrust chamber
design, turboramjet engine design and inlet design. These
programs are summarized as follows:

ENCYCL: Design Point Performance of Turbojet and Turbofan
Engine.
LREN: Ligquid Rocket Engine Model.

Mass and Volumetric Properties

The Mass and Volumetric Properties applications software include
those programs which perform weights trend analysis, volume and
mass properties evaluations and sizing. These programs are
summarized as follows:

ASPE:' Weights Trend Analysis for Multiple Stage Vehicles.

CASPER: Reusable Boosﬁer/Orbiter Sizing.

CAWATA: - Cost and Weight Analysis of Transport Aircraft.

ESPER: Weights Analysis for Shuttle Class Vehicle.

58SP: Space Shuttle Synthesis Program. '

VAMP: Volume, Area and Mass Properties using Harxis
Geometry. :

VSAC: Vehicle Synthesis for High Speed Aircraft,
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WAATS :

TANK:

SIZER:

WAB:

Weights Analysis for Advanced Transportation
Systems. -

A Program for Generating Fuel and Oxidizer Tank
Design Characteristics such as Volume, Wall
Thickness and Weight. Cornerpoint Geometry is
Generated for Display Purposes. :

A Preliminary Booster Sizing Program Based upon
Ideal Velocity and Mass Ratio Relaticnships.

A Program that Computes Volume, Area and Mass
Properties from any Combination of Gentry
Geonetry and Black Box Inputs.

Performance

The perform§nce applications software includes programs which
perform trajectory optimization and analysis and design synthesis.
These programs are summarized as follows:

GEMASS ¢

" PADS:
POST:

PRESTO:

ROBOT:

SSFS:
SVDS:

TOLAND:

VSAC:

Three Degree/Six Degree of Freedom Motion
Analysis Program.

Performance Analysis and Design Synthesis Program.
A Program to Optimize Simulated Trajectories.

Program for Rapid Earth-to-Space Trajectory
Optimization.

Three Degree of Freedom Liaunch Optimization
Program.

Space Shuttle Functional Simulator.

Eighteen Degree of Freedom Multiple Vehicle
Motion Analysis.

Takeoff and Landing Program.
Vehicle Synthesis for High Speed Aircraft.

Thermodynamics

The following application software is available for thermodynamic
evaluations and analysis:

HABACP:

TREND ¢
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Structures

The structures application software includes those programs
which perform structural analysis and structural optimization
of vehicles. These programs are summarized as follows:

AFSP: ' Automated Flutter Solution Procedure.

AS0OP: Automated Structural Optimization Program.

BOSOR: Buckling of Shells of Revolution.

CALBAR: Buckling Loads/Cylinder Shells.

SSAM: Swept Sfrip Aeroelastic Model.

STAGS: Sﬁructural Analysis of General Shells.
Cost

The following application software is available for performing
‘cost analysis:

CAWATA: Cost and Weight Analysis of Transport Aircraft.
DAPCA: Development and Production Cost of Aircraft.
PRICE: A Program for Improved Cost Estimation.

Environmerital Protection
The following application software is availabie for predicting
environmental protection requirements and environmental flight
evaluations. ' )

SBOOM: Program £o Predict Ground Level Overpressure from
the Over-Flight of Shuttle Type Vehicles.

General and Special Purpose Utilities

The following general and special purpose utility software
are available:

PLOTTR: A General Purpose Plotter Program which Outputs

to Tektronix, CALCOMP, SD4060C, MOPS.
CIPHER: A Report Generation Program.
AESOP: Automated Engineering and Scientific Optimiza-

tion Program.



DLG: Data Processor for Linking Independent Computer
Programs and Providing Data Intercommunication.

HDG: ‘Heading Progran.
MAC: Macro~Processor.
IMAGE: A Program for Displaying Three Dimensional

Geometric Configurations on Tektronix, CALCOMP,
Sb4G60, MOPS, Etc. 'This Program Can Perform
Rotations, Translations and Zooming.

VL70: - Program to Interrogate Standard Aero Tape Data.
PROFIL: Program to Interrogate Trajectory Data Tapes.

The following is a collection of abstracts on the applications
software available to the EDIN system:

ABLATOR: One Dimensiocnal Analysis of the Transicnt
Response of Thermal Protection Systems.

The program assumes that thermal properties in the given layer of
material are functions only of temperature, that all heat flow is
normal to the surface, and that gases transpiring to -the char
layer are the game temperature as the char. The outer surface is
subjected to the aerodynamic heating and the char layer provides
both; installation and high temperature outer surface for reradiag-
ticon. The heat passing through the layer is partially chscerved

by pilrolysis at the interface between the char layer and the un-
chared material. The remaining heat is conducted into the unchar-
ed layer. The gases generated throuwgh the char layer are injected
into the koundary layer. The gasecs are heated as they pass
through the char and this heat removal from the char layer induces
the quantity of heat conducted by the pirelysis interface. When
these gases are injected into the boundary layer, the conducted
heat transfers are induced. The program accepts as input the
temperature at the surface of the medel and generates a time his-
tory of the thermal condition of the various layers as the vehicle
enters the atmosphere, '

'ACMOTAN: Linear Aircraft Motion Analysis

The program is a versatile code for lincar aircrafi motion
analysis which allows the user to supplement the standard ajr-
plane eguations of motion with auxiliary equations written by
the user to represent control laws or additional variables. The
program prepares the system of linear differential cguations us-
ing several optional forms of input data and then carries the
solution to an extent determined by the output option selected.
Minimum output includes the characteristic polynominal and .its
roots. Additienal output in the form of transfer functions,
frequently responses and time hictories can be selccted.
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ALSOP: Automated Engineering and
Scientific Optimization Program.
\
AESOP is a multiple variable optimization program designed for
the solution of a wide range cf parameter optimization problems.
The basic program has the ability to solve constrained optimiza-
tion problems inveolving up to 100G parameters and up to 20 con-
straints. Thirteen scarch technigues are available for use
individually or in combination to solve the desired problem.
The ﬁethods include sectioning, steepest descent, guadrilateral
search, bDavidon's method, random ray seaxrch, pattern and several
otheis. The program is designed to be linked with other programs
. to perform internal optimization or can be used as an independent
" program for coptimizing systems of programs.

AFSFE: Automated Fluttef Solultion Procedure

Program AFSP is based upon a new method of solving the flutter
egquation. The methcd is based upon the premise that the flutter
analysis, due to the particular form in which the aerodynamic
forces are available, essentially consists of a search for those
V-values and w-values which render the flutter determinate zero.
The procedure deviates essentially from the V-g analysis in so
far that the eigenvalue calculation is replaced by simplier
atgorithm leaaing to the decomposition of tne flutter matrix.

The actual search for the flutter solution involves a single real
and positive function of the two variables V and w rather than
the (n} complex functions representing the eigenvalues in the V-g
analysis. The flight altitude, Mach number and flight speed re-
main consistent throughout the search whereas the V-g analysis
starts out from given values at altitude and Mach number. The
flutter speed only feollows as a result of the calculation. In
general, the speed will not he consistent with the input data
such that many runs are required to iterate toward a solution.

AIRFOIL: A Program for Generating‘Geometric and Aero-
dynamic Characteristics of Airfoil Sections.

The computer program is written to provide airfoil coordinates
incompressible inviscid section characteristics and two-dimension=—
al drag~rise Mach numbers for a large number of National Advisory
Committee for Aeronautics (NACA) designated airfolils from a simple
one card input. The program is actually a combination of two
separate programs. One program gives the airfoil surface coordi-
“nates with only the NACA airfoil designation as input, and the
other uses the surface coordinates to predict incompressible,
inviscid pressure distribution. from which the section character-—
istics and drag-rise Mach number are determined.
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ATOPTI: Atmosphéric Trajcctory Optimization

The program 1is & generalized stecpest descent computey progran
set up to handle the three—-dimensional; point mass, vchicle f£light
path trajectory optimization problem. It is capablie of simu-
]taneously handling up to fiftcen state variables, six control
variahles and ten constraints. Most of the usual functions re-
guired in £light path studies are available within the program;
others may be added as desired by simple program additions, pro-
viding the function or its derivative is defined analytically.
The program may be readily evtended to cover steepest descent
optimization problems in other fields, by the replacement of the
wacic differential eguation subrouting by any other set of equa-
tions of the same general type. Convergence to the optimal
solution is obtained autcomatically by means of one of two control
systems which, by a series of logical decisicns, obtain a reason-~

able perturkation magnitude at cach iteration.

COAP: Conbat Optimization and Analysis Program.

The program is an extensicn of the ATOP LI (atmospheric Trajectory

Optimization Program). It uses two complete thiree dimensional
equations of meotion sets to simulate a one-on-one combative en-
counter between two flight vehicles. The aerodypnamic and pro-

pulsion representation are sufficiently general to permit the
simmlation of both current and proposed vehicles by input data.
Gencralized rotating planctary and atmospheric models permit
stimulaticn of either aircraft, missiles or spacecraft encounters.
Combat roles for each vehicle l(attacker, defender, ctc.) are
automatically defined on the basis of vehicle relative positicns,
heading and velocities. Depending upon the vehicle rcle selected,
any one of the set of tactics designed to satisfy the role re-
quirement is executed. The tactics vary in nature from ctraight
forward stylized wmaneuvers such as split-5 to barrel role, to
three-dimensional lag or lead pursuit path. Combat optimization
capability may be introduced by repetitive simulation using para-
meterization of the combat guidance parameters and the applica~
tion of multivariable search techniques. Alternately, the
variational calculus may be employed to define optimal continuous
control against a reacting opponent. In the parameter optimiza-—

tion mode, the opticn to determine a mini-max solution is also
avallable.

=
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CONPLOT: Aircraft Configuration Plot.

This program generates the necessary instructions for automati-
cally plotting of a numerical model of an aircraft configuration.

. Program options may be used to draw three-view and oblique ortho-

. graphic projections as well as perspective drawings of an aircraft,
These plots are useful in checking the accuracy of the numerical
model data. Magnetic tape output from this program has been used

. DAPCA: Development and Production Cost of Aircraft.
} . .

The DAPCA program computes development and production costs of
mjor subsystem of fly away alircraft {airframe, engines, etc.).
The cost input data is simple and generally relates to aircraft
and englne performance characteristics such as gross takecif
welight, speed engine type thrust, etc. The actual cost eqhations
are the power law types with bullt-in cost coefficient and using

r£supplled parancters.

I
i DATCOM: Configuration Design Ana1ysis Program (TRWL

The ploglam computes aerxocdynamic coefficients for alrcrait/apacm~
craft configurations in the subsonic¢/transonic/supersonic regimes.
Analytical techniques in the program are based on those of USAF
stability and control handbook, DATCOM, revision September, 1970,
The program coemprises four medules which compute 1ift, pitch, side-
slip and control characteristics respectively. Modular construc-
tion enables other sets of aerodynamic characterlstlus to be
incorporated into the program.

jDATCOMZ: Configuration Design Analysis Program (MDAC).

The program calculates the statics stability characteristics of

wings, bodies, wing-body, tail-body and wing-body~tall combina-

tions at angle of attack and slide slip throuch the HMach range

from subsonic to superconic speeds. Whenever appropriate DATCOM

methods are available, the program computes longitudinazsl deriva-

tives CL and CM . longitudinal ceoefficient CD’ CL’ Cm and side
. o '

slip derivates C,, , Cq and C, - Output for configurations of

B "B B

horizontal tails also include downwash and dynamic pressure values.

All intermediate variable calculaticons are also available for

output.

Y
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INCYCL: Design Peint Performance of Turbo-
jet and Turbofan IEnginc.

ENCYCL computes the design point performance of turbojet and
turbofan engine cyecles from user supplied engine characteristics
and flight conditions. The program input reguires the alrplane
Mach nurber, the altitude, the state conditions, turbine inlet
temperature, afterburner temperature, duct burner temperature,
bypass ratio, coolant #low, component efficiencies and component
pressure ratios. The output vields specific thrust and specific
fuel consunption, engine efficicnoies and several component
tenperatures and pressurcs. The thermodynanic properties of the
gag are expressed as functions of the temperature and fusl to
alir ratio.

£
o
.

GENIst A Program for Calculating Desian "
and Off-Design Performance for

Turbojet and Turbofan Engines.

The program calculates steady state design and off-design pexrfor-
mance for one and two spool turbojet engines. The original ver-
sion of the CUNENG program entitled, "Simulation of Turbofan
Engines" was developed by the Turboengine Division of the air
Force Acro Propulsion Laboratory, Wright Patterson Air PForce Base,
Ohio. The program uses steady stale gas dynamics to compute the
engine design conditions. Off-cdesign performance is based on
specific component perfoermance maps which must be provided by

the uscr.

GENENGII: A Program for Calculating Dezign and
Off-Design Performance of Two and Three
Spool Turbofans with as many as Three
Nozzleg.

The GENENGII program is a derivative of CENENG (Generalized Eng-
ine Program). GENENG isg capable of calculating steady stats de-
sign and off-desigr werformance of turbofan and turbojet engines
vere evolved from SMOTE (Simulation of Turboian Engine) which
was developed by the Turbo Engine Division of the Air Force Aero
Propulsion Laboratory of Wright Patterson Air Forcc Base, Chio.
GENENGII calculates design and off-design cngine performance for
existing or theorctical fan engines with two or three spools and
with one, twe or three nozwles. In addition, fan performance

can also be calculated. Nine besic turbofan cngines can be cal-
culated without any programming changes., Inciuded among the nins
are threc types which arc likely candidates for STOL aircralt with
internally blown [laps. Many other possibilities exist which are
teo numercus to mention, being determined by the users knowledge
of the program itself. '
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GEOMETRY: Body Coordinate Generator.

?he program generates trapczoidal and elliptical body coordinates
in a format suitable for use in VAMP, WETTED, DRAG and CONPLOT.
The forbody coordinates are generated according to a "minimum
drag" area distribution while the afterbody coordinates are con—
stant in cross secticnal area.

HABACP: Hypersonic Arbitrary Body
Aercdynamic Computer Program.

The program treats the vehicle surface as a collection of guadri-~
lateral elements oriented tangential to the local vehicle surface.
Each individual panel may have its local pressure coefficient
specified by any of a variety of pressure calculation methods,
including modified Newtonian, blunt body, Newtonian-Prandtl-Meyer,
tangent~wedge, tangent-cone, boundary layer induced pressures,
free molecular flow and a number of empirical relationships.
Viscous forces may also ke calculated, which include. viscous—-in-
viscid interaction effects. Skin friction options include the
reference temperature and referenced enthalpy methods for both
laminar and turbulent flow, the ¢palding-Chi method and a special
blunt body skin friction method. Control surface deflection
pressures including separation effects that may be caused by the
deflected surface are also calculated. Several other optionsg are
available including the calculation of dynamic derivatives, the
generation of geometry and plotting. »

HDG: Heading Program.

HEADING is a control card callable program which prints user
specified heading information in large characters. The characters
of the heading are formed by the pattern of characters which form
the character iiself. The letters of the heading are eight
characters wide and ten characters high. Input to the program

is placed on the heading exccutlon carde. '
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IMAGE: Configuraticon Display Program.

The IMAGE program uses a surface definition based on quadrilateral
elements to describe picture-like drawings of arbitrary configura-
tions. The program iz used for wvisual check on geometric input
data, monitoring of geomctric perturbations and providing reports
on geometric characteristics. Geometric characteristics may be
input or taken from a data base of cenfiguration data. The user
describes the viewing angles, position and scaling factors as well
as textual informaetion through the input procedure. The configura-
tion drawings are generated on a plot vector file which is suit-~
able for processing by various display devices.

MINIVER: Aerodynamic lleating Program.

The program is a "miniature version" of the lMcDonnell Nouglas
Corporation herodynamic licating Program for use on the CDC 66C0.
It calculates radiation equilibrium temperature and provides
thin-skin temperature response for input materials. (ARluminium,
titanium, Rene 41 and inconel X-750 properties are built in.)
Heat transfer methods are available including Fay and DRydell,
Erkart Reference Enthalpy, Spauvlding and Chi, Flat Plate Eho-Mu
product, three swept cylinder theories and Lees-Detra and Hidalgo
for hemispheric nose caps. The pregram also includes the capa-
bility of traversing three sequential shocks, shape-adge and cone
plus obligue shock of availability, sharp-edge and cone modified

Newtonian and swept cylinder stagnation line pressure solution.

PADS: TPerformance Analysis and
Design Synthesis Prcgram.

The Performance 2nalysis and Design Synthesis (PADS) computer
program has a two-fold purpose. It can size launch vehicles in
conjunction with calculus of variations ovtimal trajectories and
can &iso ke wsed as a generval purpose branched trajectcry optimi-
zation program. In the former case, it has the Space Shuttle
Synthesig Program as woll as a simplified stage weight module

for optimally sizing manned recoverable launch vehicles, [For
crajectory cptimization slong or with sizing, DARS koo Lwo tra-
Jectory moduloes,  Yhe Tirst trajectory module uses the method

of steepest descent, the second employs the method of guasilinear-
lzation, which requires a starting solution from the first
trajectory modula, '

PANEL: A Progrem for Generating Panelled
Configuration CGeomelry.

The PANLL program is a gensral purpose external geometry defini-
tion program developed primarily for use in large scale simulations
of the preliminary design process. It ig an independently opera-
ted program which produces a ssguence of quadrilateral pancis
defined by the corner points. The , resulting data is acceptable

as inpul to computer programs in other technical disciplines such
as acrodynamics, structures and thermodvnamics.
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The program accepts as input a variety of formats from detailed
definition of indiwvidual panels to selection of generalized two-
and-three dimensional shapes. The section data includes circular
and elliptical as well as arbitrary cross sections. A cubic patch
technique is included which allows broad sections of the vehicle
to be described with a relatively small amount of input. -The in-
put data can be mathematically fitted with end matched cubic
functions and reduced to distributed panels.

PLTVIEW: Program for Generating
Separation Plots. '

The program is a companion to the SEPARTE program which computes
the separation distance and attitude of two stages of the shuttle
vehicle during staging. PLTVIEW generates plots of separation
distance and vehicle orientation for the separating vehicle com-
ponents. The input data is obtained from the time history data
generated by the SEPARTE program. The output is a GERBER plot of
the separation distance and orientation. c

‘ POST: A Program to Optimize

. : Simulated Trajectories.
The POST program is a generalized point mass digcorete parameter
' targeting an optimization program. POST provides the capability
to target and optimize point mass .trajectories for a powered or
unpowered vehicle near an arbitrary rotating oblate planet. POST
has been sucgessTully used in solving a wide vaslety o atmospher—
ic ascent and re-entry problems as well as exoatmospheric orbital
transfer problems, The generality of the program is evidenced by
its N-phase simulation capability which features generalized plan-
et and vehiclie models. This flexible simulation capability is
augmented by an efficient, discrete parameter optimization capa-
bility which includes equality and inequality constraints. )

RDPRO: POST Plct Data
Generation Program.

The program interrocgates the output data itape from the POST pro-
_graméand generates specified plot inforxmation pertaining to time
histories of wvarious performance and constraint functions avail-
-ablg?after the execution of the POST program. The program is
designed specifically as an interface program for analyesis of
trajectory data from the POST program. :
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PRESTQ: Program for Rapid Farth-to-
Space Trajectory Optimization.

The PRESTO program uses a clesed loop deepest descent optimiza-
tion procedure Lo derive flight trajectories to produce maxinun
booster payloads for a lelELy of spacc nissions Trajectories
Can we \.\.uuLJuL_ru il Lhres u.\.,q.Lx, 5 of Tfrezdom wsout a SP!"LGI’.{_CQ]_
rotating earth. Four powcred stages and tnree upper stage thrust
cycles can be accommodated. Coast periods are permitted between
each stage. Acrodynamic lift and drag forces are included in
the computation. The optimization routine simultancousliy con-
sidered the launch direction and time the 1ntclstkge coast dura-
tions and the upper stage thrust seguencing, the complete pitch
and yaw attitude histories and terminal constraints. Immediate
constraints may be introduced on angle attacks, coast orbkit
perigee altitude or on the product on angle attack and dynamic
pregssure. The closed loop procedure greatly facilitates the
satisfaction of terminal constraints and reduces the number of
iterations reguired to achieve convergence.

PRICL: A Program for Improved Cost Estimation.

The PRICE computer program was developed in order to rapidly
generate preliminary estimates of total program costs for missicn
studies of V-8T0L and conventional transport .aircraft, hypersonic
alrcraft and reusable space transportation system. The program
‘uses cost estimating relationships based on historical cost data
for conventional and advanced aircrait, spacecraft and launch

vehicles, The approach itz hosed on coryolating cosi with paras
meters such as weight and thrust, then adijusting the results
with complexity factors to account for differences in material

and type of construction, performance level, etc.

’ REPORT: Report Generator.

REPORT is a executive program (DLG) option which allows the

user to interrogate the data base and format QnﬁﬂﬂLCLjng reports
Descriptive information may be provided in any format with de-
limited data basc names incerted where data base reguests are
desired. 'The renort is automotically printed with descriptive
information printed exactly as criginally specificed and delimited
data base names replaced by the corresponding data base informa-

+ 4
cLon,
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SBOOM: Sonic Boom Prediction for
Shuttle Type Vehicles.

The SBOOM program is based on the prediction technique of Thomas
(references). The prediction technique calculates the far-field
overpressure from the near-field pressure signatures measured in

+ho ‘111-.(4 -I—nr\.-r\n"l "T'hr nraomA -I*-nﬂv\n'l o :-1114—0 rfohav‘:'l']}r arao E-}"r\v‘c\r—l "i_'q_

[ ) ek mm wm T oa -

a data base and accessed by the compuler program for interpoia-
tion/extrapcolation based on geometrlc similarity of the pressure
signatures. Wind tunnel data in the data base was generated for
space shuttle type conflgurdtlona. The approach used in determin-
ing ground overpressure is to describe the wave form of the gonic
boom wave by several wave form parameters and then obtaining equa-
tions for the parameters as function time. Thiyg approach has the
advantage of bolng simple and providing a convenient method fox
extrapolating experimental signatures because the signatures are
dealt with directly. The input consists cf the vehicle con-
ditions and the environment in which the vehicle is operating as
a basic condition operating the program. Many flight conditions
can be eguated through the normal input channels cor the program
will accept flight ccndition data from trajectory generation pro-
grams stored on an auxiliary file.

|SEPARTE: The Program to Simulate Separa-
~ting Stages of Launch Vehicles,

The program is a twelve~degree-of-freedom separation program for
studying space shuttle separation problews. Each stage of the
separating vehicle is represented by six degrees of freedom,

" Acrodynamic data governing the motion of the separating vehlcle

is staged into the program from a storage file because of the
large bulk of data. The program generates Gerber plots of the
separating vehicle components at specified time intervals.
uepanatlng components are represented by simplified goom;trlc
shapes

SKINI': Turbulance Skin Friction Drag Program.

The program computes the skin friction drag of a vehicle including
the effects of distributed roughness and temperature of the sur-
faces at arbitrary combinations of Mach number and altitude.
Calculations can be made using either the standard day or the +10
degrees hot day atmospherces. Input consists of flight conditions
{Mach—-altitude}, - -the wetted areas, reference length and feorm fac-
tors for all of the components of the aircraft in the mean rough-
ness height and emittance of the surfaces. Wetted areas in
reference lengths may be obtained from the program WETED.
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SSAM: Swept Strip Acroelastic Model.

The program performs an aeroslastic evaluation of the wing span-
wise flight load analysis includinu the complete ajrcraft balance
for a specified set of steady state maneuvers and/or design lift
conds tiong Heve | nronoy incluncion of the wing-hodyr and +the
nacellc acrodyinamic and weéight ¢lilecls are indliuded i1in orxder Lo
compute the reguired balance tail lcad which is reflected in the
wing load calculation. The flight loads, including the acro-
dynamic and wing dead weilght loads, are converted into structural
wing box bending and torsion loads to evaluate the chultlnm
‘Cl’ld,;.us and torsional stresses. If the calculated \’J_ug‘ stress
exceeds the allowable wing stresses, a new set of leues of wing
section stiffness values are selected to match the allowable
stresgs distribution specified within the program data. The wing
acsroelastic leoad soluticn is then repeated until the caleculated
and allowable wing stresses are matched. The cycling process 1is
fast and usually requires three to five cycles to converde depend-
~ing vpon the error ma?gln set within the program. The final
calculation 1g the wing box weight based o¢n the final set of EI
and GJ values obtained. The analysis i1s limited to subsonic
flight conditions.

S558P: Space Shuttle Synthesis Program.

The program auvtomates the trajec ory welghts and performance conm-
putation essential to predesign of the space shuttle system fox
earth-to-orbit operation. The two-stage space shuttle system is
a completely reusabhle space transportation system, consisting of
a booster and an orbiter element. The S55P major subprograms are
detalled weights/volume routine, a precision three dimensional
trajcctory simulation and the iteration and synthesis leogic neces-
sery to satisfy the hardware and trajectory constyalnts. Three
versiong of 855P are avallable represcniing some carly space
shuttlie concepts in the predesign stage of the shuttle project.

TOLAND: Take-0ff and Landing Program,

The program was constructed by NASA's Advanced Concepts and Mis-
sion Division, OART. The program provides simplified high lift
acrodynamics based on DATCOM methods, a ground roll analysis,
rotation lcoglc and clinbout to clear a fifty-foot obstacle
Mngle-~cl-attack in the ground run and rotation mancuvers are
determined from the vehicle geometry which is input to the pro-
gram. : '
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TOP: Trajectory Optimization Program.

A steepest-ascent wptimization program has been developed which

is capable of cptimizing the fliight path of a wide class of

vehicles. The program will optimize rockets, alr-augmented

rockets, ramjets, scramjets, turbojets and glide vehicles.

- Unique features are incorporated which allow extension of
optimization procedures into the airbreathing propulsion field,

particularly to supersonic transport type vehiclies. :

The body pitch anole is used for in-plane trajectory shaping in
place of the usual angle-cf-attack control variable. Additional.
control variables include bank angle, engine throttling and a
variable geometry control variable for vehicles with variable
sweep wings, drag brakes, etc. Enroute placards are available
to allow optimization within realistic constraints, such as con-
trol limits, structural lcoads, engine operating limits, manned

vehicle reguirements and geopolitical limitations such as sonic
boom,

The optimization 1s accomplished with an automatic step-size
controller and with automatic control variable weighting matrices
to allow problem sclution in a single computer run. Automatic
plotting capability is included. Multistaged vehicles and pro-
blems involving variable initial conditions may be optimized. A
variable step Runge-Kutta integrator performs the derivative
evaluations. '

TOPLOT: Plot Generator for TOP.

This program interrocgates the oulput file from TOP (Boeing Tra-
jectory Optimization Program) and generates time history plots

of various performance and constraints functions generated during
a top run. The output is placed on temporary disk and can be -
transferred to a phyolcal tape for plotting using the PLOTSV pro-
cedure.

TREND: Subsonic/Supersonic/Hypersonic
Aerodynamic Trade-Off Program.

The program provides rapid aerodynamic lift, drag and moment i
estimates and the subscnic, supersonic and hypersonic lift
regimes. It is primarily designed to estimate high llft/drdq
re-entry vehicle aerodynamic characteristic, but the class of
vehicles which mavy be analyzed by the program is of greater range
than the primary class of vehicle. Some program modification may
be regquired if the extension is too great. The proygram may be

sed for generating basic aerodynamic coefficients or it may ke
uaed for trending from known aervodynamic characteristics based on
theoretical changes in the geometry. In the hypersonic flight
regime, the program contains an opticnal aerodynamic heating com-
putation cepability. The program dees not possess a transconic
aeradynania characteristic estimati on cranahi Tity.
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VAMP: Velume, Area and Mass Properties.

The VAMP computer program calculates the mass properties, c.g.
location, enclcosed volume, wetted area and planform area of any
closed structure that has a plane of aymmetry. The vehicle is
dcscribed to the computer program by ordered scts of X, Y, Z
coordinates of poinits on its surface. The ¥, Y, 2 coordinates
are converted to guadrilateral elements for analysis. The mass
properties of each gquadrilateral may be computed from a thickness
and density input for each guadrilateral or from a weight per
unit area input at each point or from a combination of both.

The computed mass property totals may contain not only the con-
tribution from the distributed mass on the vehicle surface wall,
but additional masses may be added as "black boxes" by specifying
each one's ¢.g. location and mass properties.

Program VAMP can also produce picture-like images of the vchicle
or individual sections from the guadrilateral element data. This
facilitates checking the input and visuwalizing and/or modified
configurations. Orthographic, perspective and steroc views may
be obtained.

VSAC: Vehicle Synthesis for
High Speed Aircraft.

The VSAC program was developed fer use in preliminary sizing
s?uﬂ?es of high speed flight vehicles. Single-stage aircraft
witn' either takeoff and landing capability or airborne start,
and two-stage vehicles consisting of an aircraft with an expond-
a?le, rocket-propelled booster can be sized. The single-stage
alrcraft are capable of either rocket or ailrbreathing propulsion
and flight speeds to Mach 6. Two-stage configurations cover
tlight regimes to Mach 15, although no supersonic-combusticn
énginces were considered.

Mission modeling is provided in a modular fashion to allow the
program user maximum flexibility, and to allow improvement or
substituticn of subroutines as new studies may regquire. Analytic
perfggmﬁnce equations and numerical trajectory integration are
proviaca, together with appropriate iteratlon routines.

The primary aerodynamics method is a component buildup procedure
that requires the user to input only a geometrical description of
the external vehicle characteristics and genarates curve-fit
expressions for the lift and drag coefficients. Stability and
control are not considercd.
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WAATS: Weights Analysis for
Advanced Transportation Systems.

WAATS is a weights analysis program which uses the component
buildup technique for weight estimation. Each component weight
is based on the weight of the same component of similar vehicles
that have actually been built or at least designed in great de-
tail. The similarity law that gives the best correlation for
most subsystems has been shown to be the power law formula:

y = a <.

The program logic assumes the propellant weight and physical
characteristics are known. It perfecrms the weight estimations
with user supplied correlation parameters (a and b), estimated
gross weight and estimated landing weight. An internal iteration
loop cycles through the eguations until convergence on weight is
achieved. \

WDRAG: Zero-Lift Wave Drag Program,

The program calculates the zero~lift wave drag at supersonic
speeds for airplanes having arbitrary combinations of fuselage,
wing, nacelle, horizontal fins and vertical tail. The input
geometry descripticn is in the format of CONPLOT and WETTED

. programs. The program may also be used to calculate (for any
desired Mach number) the fuselage area distributions that are
required for a minimum wave drag. Simplified fuselage con-
straints may be included for the above c¢alculation. The fuse-
lage may be cambered and may have arbitrary cross-sectional
shapes. The wing may be twisted and cambered. The theoretical
approach is based on the far-field linear theory that considered
the relationship between the forces on the airplane and the
momentum transported through the boundaries of a control surface
completely surrounding the airplane.

WETTED: Wetted Area in Reference Length Program.

This nrogram compuhes the surface wetted area and reference

T ln Lmwn AT 1 v s e dm . m e exmam AT G e e Ao Tamm A A e
LSy LU dae CCHPCHTHTSE COr 4O CONLLGUYAQTICn ZAZed Cnn corner-

point geometry inputs to the program. The configuration may be
arbitrarially divided into components on the fuselage and all
acrodynamic surfaces. The wing may be divided into many stream-
wise panels in order to approximate a strip integration for skin
friction calculations. Input to the program is identical to
CONPLOT. Output is suitable for use in the SKINF program.
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LIBRARY ADDITIONS AND MODIFICATIONS

During the contract period a number of new programs were
developed. In addition, several existing programs were modi-
fied for incorporation into the EDIN system. These additions
and modifications dealt with the EDIN executive, geometry,
graphics and general utilities software. Fiqure ¢ summarizes
some of the EDIN software which was developed or modified for
the EDIN system.

The following sections provide a description of the newly
developed or modified software. The description includes a
program description, physical charactexristics of the software
and program usage reguirements containing descriptions on the
control cards necessary to execute program input and output,
Among the many programs which were developed or modified during
the contract period, only those which appeared to have been
major developments are described in the following sections.
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NEW PROGRAMS OR PROGRAMS WITH MAJOR MODIFICATIONS

EXECUTIVE : Yo
DLG DATA MANAGEMENT PROGRAM,
DATA BASE . NAME ORIENTED DATA BASE.
GEOMETRY
GTM GEOMETRY TECHNOLOGY MODULE.
PANEL . PROGRAM FOR PANELLING AEROSPACE VEHICLES.
SFIT THREE~DIMENSIONAL SURFACE FIT.
GRAPHICS
PLOTTR INDEPENDENT PLOT PROGRAM.
IMAGE PICTURE DRAWING PROGRAM.
CIPHER REPORT WRITING PROGRAM.
UTILITIES - TECHNOLOGY MODULETTES. .
TANK FULL AND OXIDIZER TANK DESIGN PROGRAM,
STZER STAGE SIZING FOR MULTISTAGED VEMICLE,
VL0 . READ AND INTERPOLATE DATA FROM SHUTTLE
: . AERO DATA TAPE.
RDFRO : READS TRAJECTORY DATA TAPE.
WAB WEIGHT AND BALANCE PROGRAM.
HDG HEADING PROGRAM,

FORTRAN CALLABLE INTERFACE SOFTWARE
IF EXEC 8 PROCESSOR INTERFACE:

DMAN . EDIN DATA BASE INTERFACE,
(DIRECT STORAGE AND RETRIEVALD

ADD --- EDIN DATA BASE INTERFACE
(STORAGE WILL BE THROUGH DLG)

IF. EXEC 8 PROCESSOR INTERFACE
CCOMMUNICATION WITH FILE ELEMENTS)

FIGURE 9 - NEW OR MODIFIED SOFTWARE DEVELOPMENTS.
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AIRFOIL:. AIRFOIL GENERATION PROGRAM

The AIRFOIL Program has been modified to write a file of data
in BCD format suited for the GTM to read. See reference 33 for
GTM input requirements. The modification to ATIRFOIL is in the
form of & new subroutine, GAMOUT, which is called from the main
program, FOIL. This subroutine writes a file of data on unit

4 as illustrated in figure 10. The data for each airfoil is
written in two segments, defined in the x-z plane but written
in generalized x~y-z point triplets.

The first segment contains the upper coordinates and the second
segment contains the lower coordinates. There are as many
pairs of segments written in unit 4 as there are input airfeoils.
See reference 23 for AIRFOIL input. Each segment of data on
unit 4 is headed by a GTM formatted input header card record

as follows:

: AIRFOTIL|. | UPPER OR
BINARY INPUT NACA NUMBER LOWER
\‘m‘:wzmd‘ ) & - ' - ,J
GTM

COMMAND GTM DATA BASE NAME

Each segment of data is terminated by a separate card record
containing a GTM terminates command: '

END INPUT
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CIPHER: REPORT WRITING PROGRAM

The CIPHER program is a general purpose report writer and docu-
mentation program. CIPHER is designed to take an input stream
of characters which is a mixture of both the text to be output
and embedded control commands. The program processes the actual
text according to the instructions given and produces a stylized
report. The following capabilities are available:

User Specified Formats.

Upper and Lower Case,

Greek Symbols.

Indexing and Page Numbering,

Cross Referencing.

Superscripts and Subscripts.

Footnotes.

Equationsg.

Math Symbols,

Mixed Character Height.

Automatic Tab Setting and Paragraphing.

Automatic or User Controlled Paging.

Carriage Control. .
CIPHER is interfaced to the Tektronix 4012 and the MOPS terminal
systems. By plotting the characters, any font may be generated
as well as any symbol which can be described. Both upper and
lower case English alphabetical characters along with most of

the Greek alphabet and numerous special mathematical symbols are
available.

Commands begin with a $ symbol followed by one (1) or more
English characters. About 20 commands to perform virtually any
layout function are available.

Physical Characteristics

HOST COMPUTER UNIVAC 1110 AND CDC 6600
FILE NAME (S) EX42-00002*CIPHER (ARS)
ABSOLUTE ELEMENT NAME CIPHER

LANGUAGE FORTRAN

PROGRAM SIZE 27000 DECIMAL
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CARD SOURCE 2100
OPERATING MODE " DEMAND
DISPLAY INTERFACE TEKTRONTX, MOPS

Program Usage

Input description presented below were generated using the
CIPHER program,

The ‘characters which are avallable represent most of the Alpha-numpric,
Greek, and Mathemotical Operators commonly required.  The program is
designad to accept new characters so that rew or epecnd chdracrm
reguired can be easlily added.

: ALPHABETIC CHARACTERS
Character input symbaol :
' &k A Note: see Carriage Control
b,B '
c,C
d,D
e,b
f,F
4.6
h,H
1,1
Jyd
kK
L
m M
ryN
¢,0
p.P
4,0
rR
§,S
t,T
Ul
Vv,V
W,
X
¥Y
FAV4

N<YXX=E=E<CAWDNO VOZEXCACHTOD TMO OO

QRIGIN
~OF Poog Qﬁ%
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GREEI CHARACTERS

Character Input symbol name
| « $3A. - ALPHA
P $6E BETH
T $516 CAP GaMMA,
¥ $56 GAMMA
& $51D CAP DELTA
- 5 $50 DELTA, -
N SEPSILON EPSTLON
2 $7ETA ZETA
7 $ETA ETA
@ £7THET A CAF THETA
" $THETA THET &
g $5L, LAMBDA
i $ML MU
¥ $NU NU
£ $37 XI
i $1XT CAP KT
T $PT =X
P $1RH0 RHO
= £SLM CAP STBMA
¢ $S16 . SIB
v CETAU TAY
v £6Y UPSTLON
4 $4PHT PHI
& $1PHT CAP PHI
p 45X CHI
by $1PST CAP PST.
¥ $PST PST
0 $510 CAP OMEGA
a) G0 OMEGA



OPERATOR

MATHEMATICS OPERATORS

INFUT SUMBOL.

+

t

AR ON OB W

¥ KB ¥

A~ R =~

PUNCTUATION AND MISCES

WO FFWN—CO N

+

$om .

il

LANEQUS OPERATORS

INPLT SUMBOL

- OPERATOR
¢
B
e
R
#.
7
|
{
}.

{
)

[ -

1

o

£AFOS
00
$D0L.

$Q
$EX
$C0

$OBRC
$CERC
Theee characters represent the list of
characters Jdezired which are not in the [st can he easily added.

avallable characters.  Any
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The furciions [Asted below are special functions and operators pravided to
Callow the dzer to construct ¢ readable and attractive document.  Some of
Cthese functions duplicate typewriter characteristice, Ovhers are reqguired
1o construct eguations. "Suome are dirsctad 1o Manual corstruction.  The
purpage of theee operators and functions iz te give the user firm control
over his documenis form end construction without requirlng & pre-existing

Capy .

OPERATOR A | DESCRIFPTION
FNL
¥DC

These functicns are "Carriage Conircl™ characters,  2hL
insures that the next character heging on a new line,
$0E insures that the next character begins oh a new
line but ore line down. In other words this 1z the
carriage return.  These characters are used only when
it must be Insured that Information begins printing on a
new line,  Routlne carriags returns sre handeisd
auromatically,

%

Information is suppled to this program in BCO format.
The card images may come frotg IMPUT or COC UPDATE.
In etther case , only the firet T2 columns may be used.
Singe English s nat a “regular® language,no grammaticsl
$tructure can be implied.  The entire grammatical
structure must be card input. This meane that ewery
card input character--incuding blanie--must be
coneidered. The #1 character {8 the “Cnd OF
Information® eymbal, Mo informatlon o a card will be
considared after a #1 has been encountered.
example:
card 2 (LAMB. $NLIHTS FLEECE ...Hf
card 1 (TMARY HAD A LITTLE ¢#
These cafds would produce:

Mary had a fitle lamb.

Hie fiesce.,.
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$PAGE

$PP

This character or functlon changes the character siza.
It appliee to al characters following until the height is
changed again. The following eerize of characters

represents the character glzes for
i= 012,),4,4;6 7,8,9. _ e

0123q9..Jg6u / 8 :3

This furstion insures that the finformation following
beglns ‘on & new page. When thls function is
encountered, a malor information shange 15 assumed,
$TAB ie ser to zerc. Normaly a4 new page ls started
when the presgent page Is full,  In thls case ro changre
are made to any of the existing operating parameter.

This function is ihe “Paragraph™ symbal, Infr.:.r_"re-1é1;1ar1 follawing this

function will begin on a new Mine with a blanl fine between the lines.
3TAB is set to zero. :

1t
I

$UL .
UL e )

These functional chracters are equivalent to the “Shift”
key on o typewriter., The 1" are the “upper case®
shift, The §' are the “lawer case™ ¢hifts. The singte
arrows apply onhly ta the fdlowirg character.  The dauble
arrow characters apply 1o all follawing charactere until
the next double arraw functional ie encountered,
Examples--2ach card image s follawed by the printed Ilne
generated, ‘ '
rﬁMHR‘\’H THE TtYAME OF TSAVAMNAHEE X

MARY the Vamp of Savannah)

ﬁTlesRl‘fli THE 1YAMP OF fSAVANNMAHEEX

MaRy the Vamp of Savannah!?

This function is the Uﬁdwr“ll.'u;_ furcticon. The first +urm

- wlll cause an underiine to be drawn from the 8UL 1o the

ORIGINAL PAGE I8
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$TABL

$SEE (name)
$REF (hame)

next space,  The secsnd form will underline the entire
e-xpr—-essﬁ.areraclc-eed within the parenthesls. MOTE: The
parenthesis will not be fncluded in the printed
expression. )

Examphzg:

[-‘»‘L.!Ll,i.f-»IDEFi.’L;I.NEL TESTS AND #ULEXAMPLES

underiins tests an exanples |

($UL(LH“J{IIEF:LLIME TES ARD ExAMPLESY  °

ungerline tests ond examples

This function will cause an indentation of all subseguent
Ares.  The "1 paraneter determines the amouni hasad
on the equatior:

Indentotion; p.,=1%0.5
This indentation ls measured from the left margin.This
function aseumss a matbor informatlon change.  Lipen
encountering thiz function the precending line is printed
and a new line 18 started,

This furnction is used to assenbles tabular data.  An
Indentation for the next charzoter l¢ computed using:

Irdentation;, p..=10.5

This indentation s measured from the

LEFT MARGIM + TAHSETTING., Thiz function may he.
used within any other functlon such as

UL, TITLE,et¢.

L1

Theae two funciions represent the “Cross Refsrensing
capability in thls repert generator.  “name™ can be any
geries of up to ten numbers and fetters.  The $REF
function declares that this point in a doocmens may be
referenced hy other sectiong of the game dacument.
The #SEE function cause o comment to be indected into

cthe docurient referensing this section.  The following

exanple demongstrates this capability,

(AREF (THISECTLI0M)
(FSEE(THTSECTION




$TITLELL....)

This function will cauce the expresslon within the
parenthesis 1o be centered, The character helght of
the title can be controled by the "i co paramster. The

values of 1" may vary fraem 0 to 9. The height

sequence 1e the same a5 that glven in the $HU funtien
description. This parameter is optional.  If omitted,

- the title helgth will be that of the previous output,

Example:
FTITLES(TITLE DEMONSTRATLON)

TITLE DEMONSTRATION

$SUP{L L 6L)
$SUBC.LL)

$INDEX(....)

These functions accompllsh the subscripting and
superscripting required in technical reparis.  The
parenthesis in these fungiien are optlonal.  They.are
required for multl-character eubsorlpts and where '
nesting is required for subcripts to supsrscripts,ste,
These functions atways refer to the previous character.
These functions are also used for the upper and lower
imits to an Integral sign.

Example 1. A gingle character @ubsuript

(SIN$GE45URT

singy

Example 2. A multi-character subscript
(SINFSESEURTING
sing

time
Example 3. Supersepripts with sub-and-superseripts
élrxuw:. SUR(GT$SURZ45UER!

$1lno p

This furction accomplishes the indexing. The expression
within the parenthesis will appear in the index. The
expression may be up to 50 characters long, and may
contain ary characters or - functions. The

slphabetzation I3 based on the first 20 characters orly.

Subscripts and Superscripts are taken into account for
alphabetization.
Example 1. This card i thé Index Gererator for this

ORIGINAT} PAGE I8
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gection.
['é»‘_I?'JDEhTJIIF‘JD[ZE GEMERATION

341

)1 .

I i

$11 _ - o :

$INTI . ) -

$0BRCL -

$CERCI _ , .
These functions are all wariable helgth characters, Most
of these are sometlimes uzed in nested situstions.  Tha
purpose of these Funciions iz to add clarity to &
rested group of these symbols. "1™ is the standard
heligth sequenge given in the FHI section with one
additior,  TIT may be equal to T.  In this case the
character will e triple normai helgih.,  This iz 1o be
uged whon a numarator-ganominator exdpression is to be
enclosed In symbais.
Examnples:

#$HT $00 Bl 402 #2 $4 B HE &7 $8 #9

(e

$INTI( A0
An integral sign at times requires unper and |owsr
fmite. In this ¢ase the upper and lower limits are
Included within the parenthesie az supersaripts and
gubsoripte.  ™i7 is the optinol helgih key a5 described
in the preceeding section,
Examplas:
ﬁINTBHSUPHﬁIMFHSUBL%IMFﬂUH{ﬁDK
ufpj:<c+b)d:<

FCARD . o)

This functiorn wil draw a card Image over the exprezsion
within the parenthesis. Al the informatlon contained
within the parenthesis will appear on one Hne.

X amplpe

(SCARDICARD THAGE EXAMPLE:

[card image exsmpie



LM, L),
$0ENG .0

$S0RTL .-u W

$CO0DE
$ENOCO0DE

These functions allow an numerator,denomitrater
expragsien to be written with the numerator directly
over the denominator. Either may appear firsgthowewver
na other expressicons can appear hetwsen ‘them.
Numerator and denaminatar expressions may not.be

‘nested,  The longer of the two expreseiorss should coma
Airst, If e done the secand expression will be centered

with repect to the first.

Example:

(ACERKA+CeDIRNUMIZ 3P T
2n '
a+cxd

This function draws the Square Root symbol  wer  an
expressicn.  The exprescion may be multl-Hine as in 4
rumeratar sdenominator expresslon,

Example 1, '

(ASORT(A+E $5LR3)

#o+b3

Exarple 2. :
[gsiQFQTH GENITA+BIENUMESUPZ)

o2
arb)
Exarpla 3.
FOENGSORTHASBIESUPSNENUMIL
|

"J{O'fb J?‘

These functicns are used to list FORTREAN or other
cade. The diztiction is ithat an line of card lnput
occupys one line in the report. MUTER The [l must not
be used within the code block., The first syml:ﬂﬂ signals
the beginning of a code block. The second symbo! signals
the end of a cade blnck. '

PROGRAM CXAMPLEC INPUT, OUTPUT)
DIMENSION X( 105
DO 10 I=1,10
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COT PROCESSOR

Due to the manner in which images are stored upon mass storage,
the presence and sequence numbers in columns 73-80 significantly
increases the physical amount of storage reguired. Blanking
these columns is a difficult and enornous task via the ED

processor, therefore, a small processor called COT has been
developed for this purpose.

This processor and its two associated SSG run streams can do
this blanking guickly and conveniently. The processor has two
modes of operation of which one and only one must be specified.

HER

The "T" option will truncate the named element and the "c
opticon will compress it.

To use the processor to compress the element FROG in file HOP,
one simply types:

@EX42-00002*UR.COT,C HOP.FROG, HOP

To truncate it the call is the same except that the "T" option
is used. '

There are also two SSG skeletons in UR that may be used to com~
press or truncate all symbolic elements of a file. To use these,
simply type:

QUSE FN,your-file-name

@ADD UR.TRUNCATE
or

@USE FN,your-file-name

@ADD UR.COMPRESS

To "expand" a compressed element, one needs to ﬁype:

@ELT,IGN HOP.FROG
@APD HOP.FROG

Note that the ELT processor must be used and that both the "I"
and the "G" options are needed hence the @ADD behind the ELT call.

By compressing all symbolic elements in a file savings %n re-
quired storage space has been observed as high as 50% with
mean near 25%.
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FLOWGEN: AUTOMATIC FLOW CHART GENERATOR PROGRAM

This section describes the automatic flow charting program,
FLLOWGEN, of reference 36. FLOWGEN prcduces flow charts of
Fortran language subroutines and is avallable for use on the
Univac 1100 series computing system. FLOWGEN is a CALCOMP
proprietary program which has been purchased for use on the
Johnson Spacecraft Center system.

Program Control
The FLOWGEN program is on the Univac 1100 mass storage file:
FM9*FLOWGEN

The use of the program requires the generation of an absolute
element based on the type of output device desired.
7@MAP,N FMY9*FLOWGEN.FLOWGC, TPFS$.FLOWGC (for CALCOMP)
or
7@MAP ,N FMI*FLOWGEN.FLOWGM, TPFS. FLOWGM (for Microfilm)

For CALCOMP plots, an output tape must be assigned by
7@ASG,T 19,8C,CCP '

The automatic flow chart processor, FLOWGEN, has been used to
produce the computer flowcharts for the EDIN system. "An illustra-
tion of its use is shown in the following Exec 8 run stream:

@ERS
@CoOPY,S DLG.,TPFS.
@MAP,N FM9*FLOWGEN.FLOWGM,TPFS,

@XQT

INPUT
IREAD=1,ISPEC=2
SEND

Program Input

The various flags which must be specified by the user are input
by means of data cards sent to a namelist like input. The first
card of this input is a card starting in card column 1 and con-
taining the word INPUT. This card is a required card and follows
the XQT card. The NAMELIST input is terminated when a card con-
taining the word S$END is encountered.
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The NAMELIST input cards are free field cards of the form:
NAME=VALUE
The various NAMELIST parameters with their meanings follow:

IREAD Subroutine Selection Flag.

= 0, process only those routines specified by
: input.

= 1, process all the Fortran elements on the
specified files (preset to 0)
IsprC Specification Statement Inclusion Flag.

= 1, do not include specification statements in
the flow charts produced.

= 2, include the specification statements (pre-
set to 1).

KRPCF PCEF Tape Unit Number.
= 0, for drum processing.
= 5, for card reader input.
= N, for PCF tape unit N (preset to 27, = Unit X)

NEILES The Number of Files to be Processed on Logical
Unit KRPCF (preset to 1).

NSTART Number of the File on Unit KRPCF at which to
begin Processing (preset to 1).

REDUCE CALCOMP Plot Size Reduction Flag.
= N, reduce the size of the plots by N percent.
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GTM: GEOMETRY TECHNOLOGY MODULE

The Geometry Technology Module (GTM) is a system of computer-
ized elements residing in the EDIN (Engineering Design and
Integration) System library developed for the generation,
manipulation, display, computation of mass properties and data
base management of panelled geometry. The GTM is compocsed of
computer programs and associated data for performing configura-
tion analysis on geometric shapes. The program can be operated
in batch or demand mode and is designed for interactive use.
The significant features of the program are:

1. Data bases containing two and three dimensional shapes
including standardized shapes generated by the GTM.

2. An exequtive computer program containing a user
orientated language for controlling the generation,
display and calculation of mass properties on selected
vehicle components.

3. An auxiliary computer program and data base for the
construction and storage of language elements, menus,
user instructions and messages.

4. A library of independent geometry generation programs
for the creation of specialized geometric panelling.

The basic capabilities exhibited by the GTM are summarized in
figure 11 . The first Geometry Definition illustrates the user
capability to generate new geometry, use existing geometry in
standardized formats and use externally generated geometry from
another geometry generation program. In conjunction with the
user ability to define geometry, GTM provides the user with the
capability to manipulate geometry. The manipulation includes
translations, rotations, scaling, merging of geometric compon-
ents, division of geometry and surface fits. GTM also provides
for display of geometry. The geometric display can be trans-
lated, rotated, overlayed or zoomed for image enhancement. Mass
property evaluations may be commanded. The evaluation includes
a printout of weights, volume, center of gravity and surface
areas of the accessed geometry. The GTM also provides the
capability for easily interfacing with the EDIN system.

Program Description

The executive GTM module is composed of several major executive
levels. These levels are called by the GTM executive, named
MASTER. The major executive levels are the input module, cluster
edit mecdule and segment edit module. Figure 12 illustrates the
GTM program organization.
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The MASTER module (GTM Executive) is the control point in the
GTM from which all sublevel executives are accessed. It con-
tains its own language set which allows the user to perform data
base management functions, access sublevel executives and gen-
eral program control. Three primary sublevel languages are
available, input, segment edit and cluster.

The input sublevel executive is provided for reading data which
is stored in specific geometry formats. Two are avallable, the
Gentry format of reference 31 and the GTM format. GTM format
allows free-field data to be entered. The data may be any type
of information. This data is read in and stored in the data
base geometry tree sStructure. The INPUT module contains its
own language set and associated menus, which can be displayed
upon command.,

The CLUSTER EDIT Module contains a language subset and instruc-
tions necessary for creating and maintaining the geometric data
tree structure. Functions are also provided for translation,
rotation and scaling of tree stored data and output of the data
in forms for interfacing with other EDIN technology modules.

In addition, it contains the necessary logic to display gecometry
for image viewing. The display functions have a number of
features which allow the user to zcom in on a specific region,
overlay geometry, scale geometry and filter geometry for resolu-
tion. Mass properties evaluations are also commanded from the
CLUSTER EDIT Module.

The SEGMENT EDIT Module provides the capability to compose
geometric shapes, manipulate geometry at the segment level and
display of geometric segments. Specific operations include
translation, rotations, sgcaling, point redistributions, segment
cutting, point edit commands and display. The module contains
its own languacge subset addressable by the user.

The GTM provides the capability of maintaining and updating
geometry information in a name oriented data base. The geometry
can be a section, component or a cluster.

A section is defined asg a sequence of arbitrary X,Y,Z points
defining a line in three dimensional space. A component is a
collection of sectionsapproximating surface points in three
dimensional space. A cluster is defined as a collection of
components which form a complete or partial surface configura-
tion. The data can be tree structured at the cluster level so
analysis cen be performed on groups or collections of data with
relatively simple data structure definitions. Once the data

is assessed by the GIM, a variety of manipulation techniques

are available at all data definition levels through. the GTHM
language.
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When geometry is inserted into the data base in a tree structure,
the tree can be defined at four levels as illustrated by the
following:

CLUSTER NAME . 't
COMPONENT NAME

SECTION NAME

DATA POINT

Individual geometry data sets are generally stored only once
though each set may belong to more than one cluster (tree).

The GTM has advanced to the state where geometry can be stored

by name at several hierarchical levels in a tree structure.
Editing of the data can be performed at all levels of data
definition. The program contains the basic utilities which

permit the development of user orientated manipulation of gecmetry
and critical manipulation functions such as scaling, rotation

and translations.

Additional information on the GTM program descriptions may be
obtained from reference 33.

Physical Characteristics

The following presents a summary of the physical characteristics
of the GTM: :

HOST COMPUTER: Univac 1110

FILE NAME (S): _ EX42-00002*GTM2. (SOURCE/
RELOCATABLES)
EX42-00002*GTM. (ABSQOLUTE ELEMENT)
EX42-00002*DATAS. (DATA BASE/

LANGUAGE)
EX42-00002*0ODIN-DBINITZ2. (MAP
ELEMENT)
ABSCLUTE ELEMENT NAME: GTM
LANGUAGE: FORTRAN V
.PROGRAM SIZE: - 24000 DECIMAL (OVERLAYED)
CARD S5OURCE: + 12000
OPERATING MODE: BATCH OR DEMAND
DISPLAY INTERFACE - TEKTRONIX

89



Program Usage

The computer program usage reguirements described in this
section are oriented toward the Univac Exec 8 1110 version and
specifically towards the Johnson Spacecraft Center's installa-
tion. The actual program input (language commands) described
are applicable wherever the program is installed but the con-—
trol cards of the program will differ from computer to computer.

Control Cards

The control cards for execution of the GIM are illustrated bv
figure 13. After input of the run card, an assign of temporary
file one (1) is required for data base storage. The data base
and associated GTM language set presently resides on file EX42-
00002*DATAS5. Instructions for creating a new data base and the
associated language structure are contained in reference 33,

A copy of the DATAS file to temporary file one (1) is required
to protect the integrity of the data base. All I/0 is stored
and retrieved from file 1 during execution. If *the user wishes
to retain any data base entries during execution, he may perman-
ently save these entries by a copy of file 1 to DATAS5 prior to
temmination. Following the execute command, the user is free
to enter GTM orientated commands. A brief discussion of these
commands follows. Further information on the command structure
and associated language set can be found in reference 33.

Program Input. - The GTM operates upon a data base of stored
information which is manipulated by a language set which is the
input to the program. The information which follows describes
in brief the language structure of the GTM.

The GTM consists of a master level executive and other lower
level executives. The executives are responsible for executing
a specific task upon request by the user. A language consisting
of manipulation commands for controlling the GTM at each execu-
“tive level is available.

Master Level Language. -~ The following commands are the state-
ments available in the master executive at the present time:

*IMAGE INPUT
*INPUT
*CLUSTER EDIT
*SEGMENT EDILT
SAVE DATA BASE (__ )
OPS STACK (__: : )
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FIN CARD

GTM COMMANDS

EXECUTE CARD
COPY DATA BASE

ASSIGN CARD

RUN CARD

(/éTM COMMANDS

(/@XQT GTM2 . GTM

{/éCOPY DATAS.,1.

r/éAss,T 1.

//éRUN RUNID,ACCOUNT,ORGANIZATION

FIGURE 13 TYPICAL GTM RUN STREAM




MENU
EXIT
STOP

*Sublevel executives
Descriptions of the Commands

Image Input. = This command will cause a transfer to the Image
Input Executive. The Image Executive is provided as a means of
reading data which is stored in the arbitrary body coordinate
(IMAGE Program) format of reference 27. This data is read in
and stored in the data base geometry tree structure.

General Commandsi

MENU - Provides a list of available commands at the
current language level,

EXIT - Returns control to the master level language.

Data Source Commands:

DATA BASE (__:_ :_) - The data resides in the data base
in the card image form.

BCD FILE n _  The data is a file n and is formatted data.

BINARY FILE n - The data is a file n and is unformatted

or binary data.

Tree Structuring Ccmmands: The IMAGE formatted data contains
status codes of 0,1,2,3. All points are considered status 0
except as follows:

Status 1 Beginning of a new section,

Status 2 Beginning of a component or subcomponent
(synonymous in the GTM)

Status 3 End of a cluster of components.

The status flags are used when entering the data into the GTM
data base to position the data within the geometry structure.
For each Status 3, or the beginning or a file of input, the
following command must be input:

- .
-

VEHICLE

{CLUSTER] ~
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This command will cause all subsequent data with status less
than 3 be entered into the tree under the name : : . For
each Status 2 encountered, the following command must be input:

C - - L =
[COMPONENT_] R : _

This command will cause all subsequent data with Status 2 to be
stored in the data base geometry tree structure under this name.

NOTE: For Status 1, the section names are set by default only.
The default names are:

SECTION 1
SECTION 2

SECTION n

for each Status 1 encountered in the component.

INPUT. - This command will cause a transfer to the free-field
data and can be used to enter data blocks and any type of
information. The input block has the following requirements:

‘HEHDEﬁW This statement gives the type of storage and the
P - name under which the data is to be entered into
the data base.

END This statement signifies the end of the input
block.

Types of Header Statements:

BCD INPUT (_ :_ :_ :)

This header is used to store the card 1mage data in
the data base. '

NUMERIC INPUT ( : : )

This header is used to enter numeric data into the
data base. The data 15 read in a free-field format.
The values on the card must be separated by de-
limiters, which can be either a space or a comma.
Commas back to back specify null fields between them.
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) 0P8 STACK . .

This statement is used to input an OPS Stack to the
data base. An OPS5 Stack is an instruction string of
commands which can be executed by using the OPS
STACK _ : ¢ command.
Input items can be read from other files using the READ FILE
n command. This will cause the read to transfer to the speci-
fied file and continue with that file until the file is
exhausted.
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Cluster Edit

The Cluster Edit language subset contains instructions necessary
for creating and maintaining the geometric data tree structure.
Functions are also provided for translation, rotation,- dlsplay
and scallng of tree stored data and output of the data in forms
for interfacing with other programs.

Edit Commands.

. . [CLUSTER
BUILD | COMPONENT| _ :

SECTION

BUILD [SEGMENT] R —

" CLUSTER
ACCESS | COMPONENT/|" : s
SECTION
| SEGMENT |

[ CLUSTER
LOCATE COMPONENT
| SECTION

e
L1

-

| SECTION

CCLUSTER
INSERT COMPONENT| (_ : = )
'CLUSTER
DELETE COMPONENT
| SECTION
[CLUSTER
REPLACE COMPONENT )
| SECTION
rCLUSTER

COPY COMPONENT
_SECTION

)

COPY SEGMEVT

ADD COMPONENT,
SECTION

"CLUSTER }
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Output Commands.

LIST CLUSTER
L COMPONENT| (_:
SECTION
TREE LIST s
LIST AVAILABLE CLUSTERS
COPY BINARY (=
COPY BCD ' (_: =

Transformation Commands.

Rotation
PSI] _
YAW E—
HETAT]
PITCHY | ——-
PHI -
ROLL —_—

f RCEN -
! ROTATION CENTER

RUEC ] -

ROTATION VECTOR

[ ROT

ROTATE

Scaling

MAG = -

XMAG =

YMAG =

ZMAG =
[ MAGC
MAGNIFICATION CENTER

[Ssc '
CALL
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Display Commands.

DISPLAY
DISPLAY
DISPLAY
REFRESH
AFILT =
RFILT
PSI =
THETA =

PHT =

SYM
NOSYM

SCALE =
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Translation

XMOVE

YMOVE

ZMOVE

t

MOVE

Bounding Commands

START _ =
STOP i

Register Commands

BUILD
ZERO ACCESS
LOCATE_{
BUILD
ACCESS 1o CATE]
ACCESS
BUILD | LOCATE
"ACCESS
LOCATE |BuTLD }

Miscellaneous Commands
MENU
OMIT

EXIT

Description of Commands.
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Edit Commands. 'Addressing a tree structure requires the
maintenance of a list of data pointers, one for each level
of the tree. These lists are called registers. Three
regilsters are maintained in the GTM, a build, an access
and a locate register. The build register is constructed
by the GTM when the gecometry Is initially stored. The

“build register can be thought ¢f as the output register.

For instance, data is copied from the access register to



the build register.  The access register is used when a
geometric manipulation is performed. The access register
can be thought of as the input register, although many
commands affect the data in this register. The locate
register is a temporary register used when data is being
transferred or modified. The locate register is not saved
from command to command. It is zerced after each use.

It is used as a working register by other executive
functions so it must be reestablished implicitly (by the
program) or explicitly (by the user) prior to its use.

The edit commands are used to initially establish the
register as well as to maintain the actual data referenced
by these registers.

The register contents are used to control the limits of
action of such statements as copy, move and rotate. There
is an entry in the register for each tree level. The
specified action such as exemplified above begins sequen-
tially at the first significant {(non-zero) entry, and
proceeds for all data below that level. Thus, if only
the cluster entry is non-zerc, the specified action will
take place on the entire cluster. If a component 1is
specified, the action will apply to that component only.
If a section is specified, the action will apply only to
that section.

The edit commands must proceed in a hierarchical manner.
A cluster must be referenced before a component, and a
component must be referenced before a section.

CLUSTER
BUILD COMPONENT H :

. LSECTION

This command provides for the creation of a new entry at
the level where it is applied. 1If an entry by the same
name already exists at this level, the older entry will
be destroyed and new entry will replace it. This command
can be used only for the creations of new entries (see
REPLACE). The BUILD command is used to maintain the
BUILD register,.

BUILD SEGMENT

This command, although similar to the preceding commands,
- 35 not a tree structure command because it -is manipulating
geometry at the lowest level data structures (the segment).
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The command will cause a new title to be defined in the
data base in preparation for the receipt of a data block
representing a sequence of X,Y,% coordinates. SEGMENT
EDIT Commands which follow will perform the actual data

structuring.
CLUSTER
ACCESS COMPONENT R
SECTION
SEGMENT

This command is used as a prelude to the manipulation of
geometry within a tree structure. It establishes a

identifies the geometry to be manipulated.

The ACCESS Command actually provides for the redefinition
of the contents of the ACCESS Register. This register
contains information which determines data to be copied.
For example, the register determines the insertion
position and the replacement position for INSERT and
REPLACE Commands. The contents of this register also con-
trols the data to which transformations are applied.

: CLUSTER
LOCATE COMPONENT | & =
SECTION

This command is used as a prelude to the use of data
associated with the locate name. For example, to copy

or insert data £rom one tree structure, onec would use the
LOCATE Command prior to the COPY Command.

This command actually maintains the Locate Register which
is essentially a temporary set of pointers for the purpose
of buffering data into a tree structure controlled by the
Access Register. It is used primarily by the INSERT and
REPLACE Commands. If the item to be transferred using

an INSERT or REPLACE Command is itself a resident of a
tree, the LOCATE Commands must be used to define the

data prior to the command execution.

CLUSTER
INSERT COMPONENT (“m;__:__)
SECTION
100 ORIGINAL PAGE IS
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This command will cause a new cluster component, or
- section to be inserted into a geometric data tree structure.
The position of the insertion is defined by the Access
Register and will be the position in front of the position
specified by the access. -
NOTE: If the data to be inserted is rart of .the tree,

the named ( : : ) title field must be replaced

by a proper series of LOCATE Conmands. :

s )

CLUSTER
DELETE COMPONENT] (_“
LLSECTION
This command will cause the specified item to be deleted
from the tree. The Controlling Register is the Access
Register. If the name ( i) title field is omitted,
the item deleted will be the item at the level specified
and defined in the Access Register.

CLUSTER
REPLACE | COMPONENT (_ =« )
{1 SECTION
This command will cause one item to be replaced by another.
If the new item is resident in another tree structure, the

named (_ : : ) field must be preceded by an appropriate
- series of LOCATE commands.
CLUSTER
COPY COMPONENT (_:_: )
SECTION

This command will cause the specified data to be physically
copied from its current data source into the tree structure
specified by the BUILD Command. If a BUILD Command was
executed prior to the COPY Command, the highest level copied
will have its title changed to the title given on the BUILD
Command. All other titles will remain unchanged. * If BUILD
Command was not given, all titles remain unchanged.

COPY SEGMENT (__:__:m_)
This command can be used to copy segments into a tree
structure as sections. The title of the section must be
specified by a BUILD SECTION Command. Several segments
can be copied inte a single section by executing more than
one COPY SEGMENT Command before executing a BUILD SECTION
Command.
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Segments may be copied into segments by executing a BUILD
SEGMERNT Command prior to the COPY SEGMENT Command.

The SEGMENT LDIT sub-language executes transformations which
can not be performed on tree structured data. Data stored
in the tree structure must be copied to segments before

the Segment Edit functicns can be performed. This is done
by first executing a BUILD SEGMENT Command and then execut-
ing a COPY SECTION Command, and repeating for each sectiocn
for which Segment Edit functions are desired.

ADD COMPONEN

SECTICN

: o)

" CLUSTER
T {

SECMENT

This command is equivalent to a COPY Command except the
data is not physically ccpied. ©Only pointers are trans-
ferred so that the proper tree linkages are established.
If the ( : : } title field is omitted, the current
Access Register is used to control the command. Titles
of components and sections can not be changed by using
the BUILD Command pricr to an ADD Command ; this would
result in an error.

Output Commands:
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CLUSTER

LIST COMPONENT ( «+ ¢ )
SECTION
SEGMENT

This command will cause the contents of the specified tree
level, or item, to be listed. Thus, LIST VEHICLE provides
a list of all components in a vehicle. LIST COMPONENT
provides a list of all sections in the component. LIST
SECTION or LIST SEGMENT provides a listing of all points
in the section or segment.

TREE LIST ( = + )

This command will cause the entire tree structure of the

specified vehicle to be listed.
LIST AVAILARBLE CLUSTERS

This command will cause a listing of the vehicles available
in the data base to be listed.



COPY BINARY { =+ = )

COPY BCD (

L
.
S

e r——— —

These commands will cause the specified vehicle to be out-
put in the IMAGE format of reference 1. The first command
causes a binary file to be written. The second command
causes a BCD file to be written.

If less than a full cluster is desired, the ( : : }
field must be omitted and the output item established by
the appropriate ACCESS Commands. START and STOP apply to
this command. '

Transformation Commands. - These commands use the right hand
coordinate system with x position forward.

Rotation Parameters:

[PSI _
YAW —_—
This is the yaw angle in degrees desired for this rotation.
[THETA _
LpITCHf = —
This is the pitch angle in degrees desired for this rota-
tion.
[PHI B
ROLL] =~ —

This is the roll angle in degrees desired for this rotation.

RCEN _
{ROTATION CENTER]| =~ ——foetfe—

These are the X,Y¥,Z coordinates of the center of rotation.

RVEC -
ROTATION VECTOR —t

This 1s an alternate way of inputting the rotation angles.
In this case, it is a rotation vector with I,J,K input.
This does not need to be a unit vector.
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ROT }
ROTATION COMMAND |

This command will cause the specified item to be rotated.
The data to be transformed must have been establishead by
an apprepriate set of ACCESS Commands. The desired rota-
tion parameters must have been established before this
command is issued. The default parameters for all para-
meters are zero. The values established are saved and
need not be changed for subseguent and identical rotations.

Scaling Parameters. - The parameter commands are:

MAG =

This command causes the X,Y,Z scale factors to be set to
the samne value.

XMAG = L

This command sets the X scale factor.
YMAG =

This command sets the Y scale factor.
ZMAG =

This command sets the Z scale factor.

MAGC o _
'MAGNIFICATION CENTERS i

The scaling equations used are:

XOUT = (XIN -~ XC) *XMAG + XC
YOUT = (YIN - YC) *YMAG + YC
ZOUT = (ZIN - YC) *ZMAG + ZC

This allows the scaling or magnification to take place
about a specific point. The center of magnification
(XC, ¥YC, 2C) is input by this command.

SC
[SCALING COMMAND]

This command causes the specified scaling to be executed.
The item to be scaled must have been established by a
preceding set of appropriate ACCESS Commands.



NOTE: The default values for scale factors are 1.0, 1.0,
1.0 and 0.0, 0.0, 0.0 for the magnification center.

Translation Parameters.

XMOVE = - - -
The X translation distance.

YMOVE =
The Y translation distance.

LMOVE =

The Z_translation distance,

MOVE
TRANSLATION COMMAND

This command will cause the translation to occur. The
item to be translated must have been established by a
preceding set of appropriate ACCESS Commands.

NOTE: The default translation values are 0,0,0.

Bounding Commands.

START :

STOP H :

These commands allow a Start and Stop position to be
specified for a given operation. If the item being
operated on is a cluster, these can be component names.
If the item being operated on is a component, these can
be section names.

The operation specified included the start position, the
stop positicon and all items between,

The Start and Stop Registers are nulled after each use.

These commands can be used prior to the following commands
to identify geometry to be manipulated.

CorY
LIST
CORY BINARY

1¢5



COPY BCD
ALL TRANSFORMATIONS

Register Commands.

T BUILD
ZERQ ACCESS
LOCATE

This command causes the specified register to be set to
Zero.

BUILD [BUILD

ACCESS = ACCESS

LOCATE | | LocaTE

These commands allow the contents of cne register to he
transferred to the other specified register.

Miscellaneous Commands.

MENU - List a menu of the available commands.

CHMIT - Exit the section.

EXIT - Return to the next highest language.
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Segment Edit

A segment is a sequence of X,Y,Z coordinates in three dimensional
space. They are distinguished from sections in that they are

not part of a data tree structure as in the case of the section.
Each segment is resident in the data base under its own unigue
title. Therefore, any transformation can be executed on the

data including transformations which increase or decrease the
number of data points. The number of data points must remain

the same for point level data in the geometric data tree struc-
ture.

Point Edit Commands. - The Point Edit Commands are those which
apply to a single point of data. Since the definition of the
internal data is the ordered set of coordinate points, each data
point has 3 values and has an implied point number corresponding
to the order in which it was placed in the data base. This
point number is used to establish the action position for future
‘point edit commands. The Point Edit Commands are:

_*- P N
poIxt| ~ 0
F
FIND} (X,¥,2)
[ R
' REPLACE](X'Y'Z)
I
INSER&] (¥, 2)
[ D
DELETE] X,Y,2)
DEF
mDEFINE] (X,¥,2)
I
. .
. POINT *  This command defines a point number where some
subsequent action may be performed on a segment. It is referred
to as the action position within the segment.

-

r
_FIND] (X,¥,2): This command will locate the action position
or point number of the point in the segment nearest the specified
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Each action command has an optional title field associated with
it. Fach action reguires two titles; the title of the segment
to process and the title under which to store the processed
segment.

The title of the segment to process is either the input title
or the title of the last segment output, or the title of the
last segment accessed, in that order. :

The only way to specify an output title different from the input
title is to use the BUILD Command. This command will set the
output title. Immediately after execution of an action, the in-
put titlc is reset to the output title, so that this title then
becomes the default title.

Limit Definitions: The commands are:

START X,Y,Z
sTOP  X,Y,Z

NSTART

1]
=

NSTOP = n

These commands determine the limits between which a given trans-
formation is to take place. START and STOP use FIND to determine
NSTART and NSTOP, the first and last peint numbers.

Translation: The commands are:

XMOVE

YMOVE

ZMOVE =

MOVE (__: : )

XMOVE, YMOVE and ZMOVE set up the translation distances. The
default values are zero. The command MOVE causes the actual
translation to take place.

Scaliﬂg: The commands are:

AMAG =
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YMAG =

ZMAG

MAG = | , | .

MAGC Y.y .3
| MANIFICATION CENTER| ~ “¢’'c’'“cC

sC
[SCALE] (v )

XMAG, YMAG and ZMAG are the magnification factors applied
during the scaling operations. MAG sets all of the magnifica-
tion factors to the same value. The default magnification
values are 1.0. The transformation equatiocons are:

]
I

- *
(XI Xc) XMAG + X

T (o
= - *
YT (YI Yc) YMAG + YC
= —_ *
ZT (YI YC) ZMAG + Zc
The Command MAGNIFICATION CENTER = XC'YC’ZC establishes the
values as XC’YC’ZC' The default values are zero. The Command

SCALE causes transformation to be éxecuted.

Rotation: The ROTATIONS Commands are:

PSI|_

[YAW]_ (Degrees)

THETA |

[PITCH]_ — (Degrees)

[PHI

ROLL] {(Degrees)

[ RCEN ey v..g

ROTATION CENTER “cricrc
" | ror (s s )

_ROTATE * *

YAW, PITCH and ROLL establish the rotation angles of the trans-
formation. The default values are zero. ROTATION CENTER
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establishes the center of rotation of the transformation. The
Command ROTATE causes the transformation to be executed,

Cutting a Segment with a Plane:

Plane Definition: The Plane may be defined and used in the
rotation comwmand. In this case RCEN is a point on the Plane,

and PSI, TUETA and PHI are angles describing the direction
of the normal.

PLANE = X ¢/ X PSI,THETA, PHI:

c’ C’ This is an one-line
command settlng-all the values described above,

XCUT = : This assumes a YZ Plane passing thrcugn the
specified X with a direction of positive X.

YCUT = : This assumes a XZ Plane passing through the
given Y value in the direction of positive Y.

ZCUT = : This assumes a XY Plane passing through the
given Z with a direction of positive Z.

pCcuT ( :_): This command will cause all of the points

in the directicn of the positive normal, plus all plane
intersections to be output.

MCUT (__:_ _:_ ): This command will cause all of the points
in the direction of the negative normal, plus the plane
intersections to be output.

Point Redistribution: The commands are:

NSEG =

EQLEN (_ : s )
These commands will cause the segment to be redistributed such
that the arc length of the line described by this space is
divided into NSEG equal positions. This means that NSEG + 1
points are output to describe this point redefinition.

Data Acquisition: Four CLUSTER EDIT Commands are included to

allow the user access to tree stored section data. These com-
mands are:

*KCCESS CLUSTER __ =

*ACCESS COMPONENT
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. 2 2 2, .
point such that (XS—X + (YS—YF) + (ZS—ZF) is a minimum.

)
F
In some cases there will be multiple points of the same value.
For example, a cross section closing on itself will have
identical first and last points. This situation is handled by
the use of additional calls to FIND. If FIND already has been
called, then the search for the point begins at the next point
after the one found by the previous command.

R .
REPLACE (X,¥,2) This command will cause the point speci-
fied by action position to be replaced by the given X,Y,Z values.
If omitted, the point specified by the DEFINE Command will be

used.

I
[INSERT] (X,Y,2): This command will cause the given X,Y,Z

values to be inserted in front of the action position. If X,Y,
Z is omitted, the point specified by the DEFINE Command will be
used.

[ D (X,Y,2):

DELETE et * This command will cause the X,Y,Z input
point to be deleted, and if omitted, the point specified by the
action position will be deleted.

NOTE: If the X,Y,2 is input, a procedure similar to FIND is
used to determine the point to be deleted.

DEF (X,Y,2) : .
DEFINE PErTft This command can be used in place of the

X,Y,2 inputs in all of the point commands except POINT and
DELETE.

A (X,Y,2) . .
ADD ror7ft This command will cause the input X,Y,Z
values to be added to the end of a segment. If X,Y,%2 is omitted,
the point defined by the DEFINE Command will be used.

NOTE: The values determined by POINT and FIND are zeroed after
each use. They are not maintained.

Segment Level Commands. - Segment level commands are those
which apply or transform to an entire segment. The commands
fall into two groups - informational and action.

111



*ACCESS SECTION @ =

*COPY SECTION (_ :_ :_ )

These commands will allow the user to construct segments from
existing sections. See the CLUSTER EDIT Commands for a com~
plete description.

ACCESS (= &+ )z This command will access a stored segment.
The Title of this segment is established as the input or active
title.

Segment Craations

BUILD (_ : = ): This command will cause a new segment
to be built. It establishes the output title for any trans-
formation for the ADD X,Y,Z Command the the COPY Command.

COPY ( s : ): This command will cause the data stored
under the specified title to be copied to the title
specified by the BUILD Command.

Data Display:

L
LIST (3 ) This command will cause a listing of
the specified segment to be printed.

Mizscellaneous Commands:

MENU
OMIT
EXIT

These are the general utility commands and have the same meaning
as described in CLUSTER EDIT.

Program Output. - Since the GTM program is basically a geometry
m§nlpulatlon tool and highly interactive, program output essen-
tially remains transparent to the user. They are, however, two
types of output which are applicable. The first is those which

can be classified as geometric analysis outputs. The second is
formatted geometry.

Geaometric analysis ocutput includes mass properties evaluations,
program response to user input, geometric displays and geometric
parameters. The formatted geometry output is the cornerpoint
geometry sets used by other technology modules.
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HABACP: HYPERSONIC ARBITRARY BODY AERO-
DYNAMIC COMPUTER PROGRAM.

The input to HABACP has been slightly modified to include a
namelist input to replace the former option card (card 1). The
new input is S$HYPIN and has one input IPG which the array of
option numbers desired by the user. A sample input as as follows:

SHYPIN IPG=1l,1, $

The EDIN version of the Hypersonic Arbitrary Body Aerodynamics
Computer Program has been modified to provide complete storage
of aerodynamic coefficients in the dynamic data base. The
coefficient arrays are stored in namelist format on the special
EDIN output file by name. The stored array lengths are determined
by the input quantity, NAB {(Card Type 9, Column 61-62). Each
vehicle section may have a different NAB. The names are gen-
erated from the root names, examples in figure 14, The root
names are correlated with the force data headings which appear
on the printed output (i.e. CL = CL, CPb = CD, etc.). The three=-
digit integer identification, CASE*, is concatenated to the root
name to form the complete EDIN name., CASE is printed in the
upper left corner of each tabulated page of printout. If no
value for CASE is input, then only the root name will be used.

Using the above described technigue, the user may modify the
construction of the names generated in the HABACP Ly the CASE
input. For example, suppose the vehicle consisted of three
sections, beody, wing and vertical tail. Suppose also that the
user wished to store selected summations for the body alone, the
wing alone, the wing-body and the complete configuration. The
CASE input might be as follows:

COMPONENT CASE INPUT

BODY ‘ 0lo0

WING 020

WING-BODY SUMMATION 021 (CASE INPUT ON SUMMATION

, CARD TYPE 1)

VERTICAL TAIL 030

. WING-BODY=VERTICAL 031 (CASE INPUT ON SUMMATION
SUMMATION CARD TYPE 1)

*(Card Type 8, Column 66~68 for component.
Card Type 1, Column 66-68 for summation.)
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FT1T

FORCE DATA
OEADING

ALPHA

BETA

ca

CY

CN

CLL

CLN

CF

Figure 14

, CD
LOD
CcL
CLM

_ca

. CY

- CN
CLIL
CLN

CF

DESCRIPTION

Angle of Attack (degreeé)
Angle of Yaw (degrees)
Drag Coefficient

Lift Drangatio

Lift Cogfficient
Pitching‘Moment Coefficient
Axial Force Coefficient
Side Force Coefficient
Normal Force Coefficient
Rolling Moment Coefficient
Yawing Moment Coefficient

Skin Friction Coefficient

ROOT~NAME DEFINITIONS FOR ODIN/HABACP INTZERFACE



The stored data would consist of all the force data arrays
listed in figure 14 for each of the above combinations of vehicle
components. The generated names for the above example would

be as illustrated below:

Angle of Attack Array -

ALP10, ALP20, ALP21, ALP30, ALP31
Lift Coefficient =

CL10, CL20, CL21, CL30, CL31l

Notice the trailing zeros are part of the generated name; lead-
ing zeros are not.

The new EDIN/HABACP interface required modification to the sub-
routine AERO. The modification required a number of calls to

a new subroutine ADDREL. The calls are located immediately
following the normal printout statements. Subroutine ADDREL
and the associated function NAMGEN are part of the EDIN Data
Management System. The two routines generate the name oriented
output data described above.
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| IMAGE DISPLAY COMPUTER PROGRAM

The IMAGE graphics software package provides the capabilities to
access and display cornerpoint geometry. The program utilizes

a virtual graphics display technique which allows the user to
display multiple views, zoomed views of a specific region or
component and a windowing feature in which the user can specify
the display region on the viewable screen. In addition, a
symbolic routine is provided for picture labeling.

The Display Device

The IMAGE cocmputer code is a software package designed to dis-
play in picterial form figures built up from combinations of
cornerpoint geometry. The primary display device is the Tektromn-
ix 4012 display rtube, however, the plotting routines also inter-
face with the CALCOMP plotter for hardcopy drum plots, the SD4060
for microfilm plots and the high speed online MOPS Hazeltine 4000.

The software provides the user with the ability to display

- multiple views, zoomed views of selected parts, windowing and
picture labeling. The basic description of IMAGE, its input
requirements, cperational characteristics and cutput are
described in reference 27. The basic extention to IMAGE was
the installation of the virtual graphics display capability.

One may consider a set of points in 3-D space, the limits of
which dictated by the numerie capability of the host computer.
Upon this "virtual" space is then imposed a window through which
orthographic projections of the object are observed. This win-
dow is plotted to user specified scale,

Virtual Graphics

Operations which are applied to the screen are called direct
graphics while those which are applied to the virtual display are
known as virtual graphics. The virtual display is a two~dimen-—
sional surface of undeterminable size, limited only by the .
numeric processing of the computer. The user is only responsible
for defining what portion of the view he wishes to be displayed,
e.g. a zoomed view. The virtual display is similar to normal
plotting devices in that there is a movable point which may be
thought of as a writing cursor on the virtual display.

All or any portion of the virtual display may be viewed at any
time through the technique of windowing. The portion of the
virtual display to be shown is defined by rectangular boundaries.
This boundary is called the virtual window and only those vectors
which pass through the window are displayed.
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It is not necessary to use all of the screen for display of the
virtual window. The user may define a rectangular section at
any location on the viewable screen for display of the virtual
image. Figure 15 illustrates the technique of windowing.

£

Program Usage

The program usage requirements described in the following para-
graphs are orientated towards the Tektronix/Exec 8 installations.
The program input requirements and available options correspond
to the IMAGE virtual graphics package only.

The use of the package requires two types of inputs, the con-
trol instructions and the actual program inputs. Figure 1¢
illustrates the instruction setup for executing the module.

General Program Input
The IMAGE program input consists of thres types:
1. Program controls {($TYPE32) in namelist format.
2. Surface model data as formatted cornerpoint geometry.
3. Picture specifications ($TYP343) in namelist format.

The program controls and picture specifications are input in
standard namelist input format. The namelist reads are provided
for this purpose.

When a namelist read is encountered in the program, the entire
input file is scanned up to an end-of-file or a record with a
dollar ($) in column 2 followed by the namelist name requested
by the IMAGE program. Succeeding data items are read until a
second dollar (§) is encountered signifying the end of the name-
list. All data between the opening and closing dollar is
interpreted by the namelist input routine.

$TYPE32 Inputs

The first list ($STYPE32) is used for specifying general data
pertaining to program control including geometry file control.
The following paragraphs define each $TYPE32 namelist input in
detail. Each paragraph is headed by the name and default value
for the variable listed.

Usually the configuration geometry consists of more than one

component. In the data format of the IMAGE program, the data
for each component is terminated with an integer flag referred
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to as a status flag as describoed under Surface Model bData (be-
low} . The nerging of the geometric components is desirable for

plotting purposes. Therefore, the geometric components are
merged into a single component as the geometric data is being
transferred to the temporary file, TAPE3. The user of the pro-

gram ust specify the number of components to be merged for
cach picture sequence. This specification is accomplished Ly
the integer input variable ISTAT3,

ISTAT3 = 1 Integer variable number of vehicle components
with Status = 3 in the vehicle geometry which
the' user wishes to plct as a unit.  The pro-
gram will count the number of Status -~ 2 in
the geometry deck and when the count reaches
this input value, the program will proceed to
the plot options for the vehicle components
which have just been read.

Several optiocns are available to the user of the program for
accessing geometric data. Alternate files may be employed and
alternate formats may be Specificd The input warameter for
controlling these opticns is the integer variable ITAPE.

ITAPE = 0 Geometry tape control integer varlaoleq with
the following possible values

= -1 Geometry data (type 3) already exists
on unit 3 in a suitable form for dis-
play. No data will be read.

= 0 Geometry data (type 3) will be read
from Tapzs 5 (geometry data cards are
loaded along with picture- data control
cards) .

= 1 Geometry data (type 3) will be read from
the geometry storage tape (tape 8} in
coded format.

= 2 Geometry data {type 3} will be read from
the geometry storage tape (tape 8) in
binary format.

The IMAGE program provides a flexible means of . centrolling the
alternmate geometry file, TAPES. HMultiple components may be
stored on TALII8. ‘These cowponants may be extracted in sequen-~
tial groups or plotted individun wLly.  The input parameter for
rewinding the gecmetry tape (TAPEE) is IREWS. Usually, the
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file is rewound for the first gsequence of pictures, then through
the use of the input variable ISTAT3, additional groups of com-
ponents can be extracted for plotting purposes.

IREWS8 = 0 Integer variable to contrel the position of
Tape 8 just before the geometry data is read
from it.

= 0 Rewind Tape 8 and then read geometry data
from it.

= 1 Do not rewind Tape 8, but start reading
geometry data from it in its current posi-
tion.

The integer, IREW8, permits the user to store more than one
group of vehicle gecometrics on the geomeitry tape, then collect
and plot them by groups.

Geometry Data

The standard method for inclusion of gecmetry data in the run
stream is through the use of an @ADD control card. Geometry
data must be correctly formated in accordance with reference 27.

To aid the user, a number of file elements containing formated
geometry data have been created. These elements reside on
the file EX42-00002.DATAS. a

$STYP343 Inputs

After the geometry has been added, the second namelist ($STYP343)
is input. This data set provides input for picture control
options e.g. zooming, view orientation, labeling, windowing and
scaling. rlgure 17 illustrates the input logical flow for IMAGE.
Any number of views may be specified by 1nput¢ng only one @EQOF
after a TYP343 input. An exit from IMAGE is performed when an
input. of @FOF is followed by another input of EECOF.

The following defines the 1YP343 input varlableo and their
default values:

DXG 0 DXG defines the X axis orgin (in

inches) of the screen window. Fig-
ure 18 illustrates the orientation
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READ
STYPE32
nvur /

READ READ DATA FROM UNITS
GEOMETRY CR UNIT 8 (BCD OR BINARY)
DATA SEE ITAPE OPTIQNS
j'f

READ
STYP 343
INPUT

FIGURE 17 [LLUSTRATION OF INPUT FLOW LOGIC FOR IMAGE,
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off DNG with the screen window.

NOTE:  When DXG is used in conjunc-
tion with the TEXT option,
it defines the first character
position.

DYG 0 DYG defines the Y axis orgin (in
inches) of the screen window., PFig-
urce 18 illustrates the orientation
of DYG with the screen window.
NOTE: When DYG is used in conijunc-

tion with the TEXT opticn,
it defines the first
character position.

SCAL 7.5 Size of the screen window (in inches)
in both the X and Y directions.
Reference figure 18.

PHI 0.0 Angular orientation {in degrees) of
the viewing plane with respect to
the ¥ axis. See figure 19.

THETA 0.0 Angular orientation (in degrees) of
the viewing plane with respect to
the ¥ axis. See figure 19,

PSI 0.0 o Angular orientation (in degrees) of
the viewing plane with respect to
the Z axis. See figure 19,

SCALV (Initially Size of the virtual window in both
Computed) the ¥ and Y directions. This para-
meter is primarily used for zooming.

DELX =~ (Initially X axis translation of the geometry
Computed} coordinates to the display axes.
Used in conjunction with view trans-
lations and =zooming-

DIELY (Initially Y axis translation of the geometry
Computed) cecordinates to the display axes.
Used in conjunction with view trans-
lations and zooming .
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DELZ

WINDO

TEXT

HTEXT

ISHAD

IRL¥FI,

COPY

PAGE

IQUAD

(Initially
Computed)

.07

Z axis translation of the geometry
coordinates to the display axes.
Used in conjuncticon with view trang-
lations and zcoming .

Logical variable for drawing a

border arcound the defined screen

window.

Logical variable for text input.

= T Text information will follow
© TYP343 input.

= ' No text information will be

input.

Height of the characters (in virtual
coordinates) in the text material.
Hidden line option.

T = Plot hidden lines.

F = Delete hidden lines,

Reflected elemant flag., Provides
the option of plotting only the

input geometry or plotting the in-
Put geometry and the reflected

‘geometry.

1 = Draw reflected geometry.
0 = braw input geometry only.

Logical variable, if true a hard
copy will be generated after the
current view is generated.

Logical variable, if true the view-
able screen will be erased before
the current view is generated.
Corner point plot flag.

0 = Plot actual coxner points.

1 = Plot quadrilateral corner points,



PANEL: GEOMETRY GENERATION PROGRAM

The PANEL Program is a collection of general purpose geometry
definition subprograms developed for use in preliminary con-

figuration analysis. The PANEL Program consists of geometry

subroutines from reference 31 and other geometric generation

programs.

The program produces a vehicle surface definition in the form
of a sequence of quadrilateral panels defined by their four
corner points. The resulting cornerpeoint data is acceptable

as input to the Hypersonic Aerodynamic Program of reference 31,
GTM, IMAGE or other technology programs in the EDIN system.

The input data for the assembled program is namelist and the
order depends on the subprogram options.

Program Description

The panel program has been structured into a sequence of first
level overlay elements that generate three dimensional geometric
shapes for use by the EDIN programs. The elements of the pro-
grams are linked through the use of the Univac Exec 8 MAP pro-
cessor. The subprogram options and input flow logic are
illustrated in figure 20,

Logical selection to the geometry generators in the subprograms
is controlled by $IPANEL. After completion of any generations,
model contrel is returned to the PANEL main program.

The coordinate system used in the program is the right hand
Cartesian system. In the convention used, vehicle is usually
positioned with the x-axis point forward, the y-axis pointing

to the right, and the z-axis point upward. The wing and body
surfaces are represented by sets of points in space called
panels. FEach pair is a set of four points connected by straight
lines.

COPY5 Module. - The COPY5 module allows the user to input the
corner points of geometric panels.

The points on the body surface are input in rows and columns.
The number of panels in the whole section is defined by the
number of rows of panels times the number of panels per row.
The orlentation of the geometric section is optional but two
rules must be followed regardless of the orientation. :

1. Points along a row are input sequentially upward.

2. Rows of points are input sequentially to the right.
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ELLIPS Module. - The ELLIPS module allows the user to generate
panel information for partially or completely elliptical cross
sections. The surface of the secticn 1s described by an ellipse
centered at some point off the reference axis and defined by

the major and minor axis as shown in figure 21. The portion

of the reference ellipse used to define the body section is de-
fined by the angular difference between OO and OL measured from

the negative z axis. A sequence of two or more sections describe
a surface. The PANEL Program generates the panel geometry for

an arbitrary number of sections. Each section can be equally
divided into an arbitrary number of divisions.

Cubic Patch Module. - The cubic patch is provided as an alternate
input method in the description of arbitrary shapes. In this
respect, it serves the same purpose as the surface-element in-
put method.

In the panel cornerpoint input method a vehicle section is
described by a large number of surface points organized in panel
fashion. In the cubic patch method only points along the bound-
aries of a patch are input to the program, and the distributed
surface points regquired for the subsequent panel calculaticns
are determined by the program.

The basic features of this method are that fewer input points
are required to describe a surface and the generated panel
size is controlled by two input parameters and may be changed
to meet the reguirements of the problem.

Figure 22 illustrates how a section is described by this method.
Each of the four boundaries is identified in this figure; two in
the w direction and two in the u direction. The input data for
each of these boundaries can be input by array name., Boundary 1
is defined by three arrays, XwWl, YW1, 2ZW1l, representing the
coordinates with respect to the reference system. Boundary 2 is
defined by the three arrays, XW2, YW2 and ZW2. Similarly,
boundaries 3 and 4 are defined as XU3, ¥YU3, ZU3 and XU4, YU4

and ZU4, respectively.

The user orientates the model of the vehicle so that the number

1 boundary is to the left and the number 2 boundary to the right.
The order of the poirnts is from the bottom to the top of the
patch. Note that a point must be included outside the patch

at either end of the boundary to give proper slopes at the corner-
points. Boundaries 3 and 4 are loaded from left to right. A
different number of points may be used to describe each boundary
up to a maximum of 20 for each.
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Each koundary curve must be extended by one point on each end
to permit the computation of end point derivations. The second
point and the next to the last point on each curve must be com-—
mon to the adjacent curves, as illustrated in figure 22. The
program generates equally space panels based on arbitrary num-
bers of rows and columns cf panels selected by the user.

TANK Module. - The TANK model generates the x-coordinates along
a center line and the corresponding radii based upon simplified
geometry descriptions. The x-ccordinates and radii can then

be communicated to the ellipse model (already available in PANEL)
for the actual cornerpoint geometry generation. Figure 23
illustrates some of the optiocns available in the tank and engine
model. In addition to theose shown, third order nose trangitions
can be generated by specifying the initial ramp angle at the
point of tangengy to the nose radii. Also, arbitrary base radii
may be specified providing the capability of generating engine
nozzles. i

Double Bubble Tanks. - The DBUBL tank model, figure 24 r Calcu-
lates the parameters required to generate double bubble tanks

in the ELLIPS model. The user specifies the position, rotation,
radius and separation distance. The subprogram calculates the
initial and final angles necessary to generate the bodies of
revolution representing the tanks.

TZOID Module. A TZOID Model body shape generator has been developed
for the PANEL program based upon the trapezoid. The method uses
straight line segments Jjoined by radii. The shape is completely
controlied by the position and magnitude of the radii. There-
fore, the method is not restricted to trapezoidal shapes but can
degenerate into circles, rectangles, triangles or flat plots as
illustrated in figure 25.

Physical Characteristics

The physical characterigtics of the panel program are summari-
zed as follows:

HOST COMPUTER: UNIVAC EXEC 8 (1110)

PROGRAM FILE(S): EX42~-00002*%PANEL. (SOURCE, RELOCA-
: TABLES ABSOLUTE)
EX42-00002*PANEL. (MAP ELEMENT)

ABSOLUTE ELEMENT: . OPANEL
LANGUAGE ; FORTRAN V
PROGRAM SIZE: 19850 DECIMAL
CARD SOURCE: 4000
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Program Usage

The computer program usadge requirements described in this
sectlion are generally orientated toward the Exec 8 1110 version
and specifically towards the Johnson Spacecraft Center installa-
tion. The actual program input requirements described are
applicable wherever the program is installed but the control
cards for the retrieval and execution of the program will differ
from computer to computer. Figure 26 illustrates a typical run
stream for PANEL.

There are five namelist input groups. The namelist IPANEL is
read before each section is input and describes the type of
geometry and the input format Lo be used. It contains the
following data:

IGEOM = 0, cornerpoint geometry will be input for this
section.
= 1, elliptic cross-~sectional data will be input
for this section.
= 2, cubic patch data will be input for this
' section., : '
INFORM = 1, HABACP input format of reference 27 will be
used in this section.
= 2, namelist input format will be used for this
section.
IPRINTS = 0, no printout of panel characteristics.
= 1, print panel characteristics.
IsSTOP = (0, more geometry data is coming.

1, stop the program.

The namelist $INLIPS may be used to describe elliptical input in
the following manner: Set IGEOM = 1 and INFORM = 2 in the name-
list S$IPANEL.
NPTS - number of sections used to describe the surface.
AX (I) - array of longitudinal positions of the sections.

DELZX (I}~ array of ellipse offsets in the z direction for
the sections.

DELYX(I)- array of ellipse offsets in the y direction for
the sections.

THETOX)I} array of angles, in degrees, which defines the
first points on the ellipses used to describe
the body sections.
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ID ACCOUNT NUMBER ORGANIZATION
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@RUN ABOOO, AB11l - Z111 - L, EX42-00002
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. for geometry output file.
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. $
$INLIPS ox $IPATCH or $TAPEZ or $ITANK or $DBBIN  { input data
@FIN : { FIN CARD
FIGURE 26 - TYPICAL PANEL RUN STREAM.
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THETLX (X) array of angles, in degrees, which defines the
last points on the ellipses used to describe
the body sections.

NN (I} - number of divisions of cross sections desired.
AA(L) - gemi-major axes of the defining ellipses.
BB(I) - semi-minor axes of the defining ellipses.

LAST - status flag for merging sections.

= 1, this section will be merged with the next
to form a single section.
= 3, this section will not be merged with the
" next.

The cubic patch technigque is selected by setting IGEOM = 2 in
the S$IPANDL namelist. If the namelist format is selected for
cubic patch input, INFORM is set to 2 at the same time., The
following is a description of the input required for the name-
list input option: ‘

NPTS(I) - an array of four values defining the number
of points used for each boundary curve. Maximum
of 20 for any curve is allowed.

XWl, YWL, arrays defining the goordinate points of bhound-

ZWl ary number 1. _

XWz2, ¥YW2, arrays defining the coordinate points of bound-
Zw2 ary number 2.

XU3, YU3, arrays defining the cooxrdinate points of bound-
ZU3 ary number 3.

XU4, YU4, arrays defining the coordinate points of bound-
204 ary number 4.

NOW - number of divisions in the w direction on the

patch into which the patch will be divided for
panelling purposes. It sheould be an odd number.
If not, the program will convert it to the next
higher odd number.

NOU -~ number of divisions in the u direction on the
patch into which the patch will be divided for
panelling purposes. It should be an odd number.
If not, the program will convert it to the next
higher odd number.

ISOVR - a status flag which controls the joining of more
than one patch to form a single section.
= 0, the current section will not be joined with
the last section.



LAST -

= 1, the current section will be joined with
the last section.

a status flag which controls the joining of the
current section to the next section.
= 0, the current section will be joined with
the next section.
3, the current section will not be joined with
the next section.

The TANK option is selected by setting IGEOM = 4 in the $IPANEL
namelist. The following is a description of the input regquired
for $ITANK namelist:

NAME DEFAULT

DESCRIPTION
Radius of the spherical nose shape.

Number of sections in the spherical nose shape.
Radius of the tanks.

.Combined length of the nose (includes spherical

‘and transition shapes}).

Combined length of tank (includes spherical base
shape, if any, but not the arbitrary base shape).

Number of sections in the base shape.

Ramp angle for nose transition shape (used for
third order fitted transition shape).

Number of sections for nose transition.
Cone option flag if ICONE = 1, conical shape will

-be generated; otherwise a third order transition

shape will be generated.

Print flag, if IPRINT = 1, $OTANK output will be
printed.

Base section flag. If ISRM = 0, spherical base

‘'shape will be generated; otherwise arbltrary base

RNOSE .5
NSECN
RTANK 1.
LNOSE 3.
LTANK 10.
NSECB 6.
RAMP  30.
NSECR 3.
ICONE O,
IPRINT 0.
TSRM 0.
NAR 1.
XA 0.

shape will be generated.
Number of sections in arbitrary base shape.

X-Stations of arbitrary base shape with respect
to the base of the tank (excluding spherical base
cap).

139



The TRAPZ option is selected by setting IGEOM = 3 in the SIPANEL
namelist. _
for STRAPZ namelist.

The following is a description of the input required

PRINTS

140

Number of sections to be generated.

X-Staticns along the body (usually negative)

Y-Stations for center of lower radius.

Number of straight line segments for lower radius.,
¥-Station for ceater of upper radius.

z-Station for center of upper radius.

Number of straight line segments for upper radius.
Flag for linking this component to previous com-

LINK=1 Sets status for first point to 1
Othervise status will be 2.

Flag for linking this component to next component.,
LAST=0 Sets status for last 'point to 0.
" LAST=3 Sets status for last point to 3.

NAME DEFAULT DESCRIPTION
wsec 1.
bi¢ 0.
¥L 0.
2L 0.
RL 0. Lower radius.
NRL 7
YU 0.
Z0 0.
RU 0. Upper radius.
WRU 7 ‘
LINK 0

‘ ponent,
LAST 3

0

Print option flag, if 1, Namelist input and
computed values will be printed.



The DBBIN option is selected by setting IGECM = 5 in the S$IPANEL
namelist. The following is a description of the required in-
puts for $DBBIN:

DY Y-Coordinate of the center of the tank pair.

DZ Z—-Coordinate of the center of the tank pair.

SEP Separation .distance betweeﬁ the tank components.

ROT . Angle of rcotation measured from the negative
Z-axis.

RTANK 'Radii of the tank components.

Program Output

The primary output of the PANEL Program is a geometry file in
Gentry format, reference 27. TFigure 27 illustrates a vehicle
configuration which was generated by PANEL. When utilizing the
TANK or DBBOUT options, the following data is output to the
TZ0ID, ELLIPS or PATCH generators:

DBBOUT Output Descriptions. -

THO1 '.‘ Ipitial angle for generation Body 1. =
THL1 | Final angle for generation Body 1. )
THOZ Initial angle for generation Body 2.

THL2Z' Final angle for generation Body 2.

DYl Y-Coordinate of Body 1.

Dz1 . Z~Coordinate of Bogdy i.

DY2 ¥rcoordiﬁate of Body 2.

‘DZ2 ')ifCoordihafe of Body 2. |
- DDY ..'Differéntial Y-Position of bodiesxl and Z.
DDZ _. .'piffefential Z-Position of bodies 1 and 2.
TH intérSection angle of bodies 1 and 2.
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TANK Output Descriptions. -

NSEC Number of sections generated for the body of revolu-
tion. . " .
AX X-Station generated for the body of revolution.
RAD Radii generated for the body of revolution.
‘GAMD Anglé at which transition from a spherical nose
' occurs - degrecs. o
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PLOTTR: AN INDEPENDENT COMPUTER PROGRAM FOR
THE GENERATION OF GRAPHICAL DISPLAYS.

A computer program is descrihed for generating graphitcal informa-
tion from input data or auwxiliary analysis programs on a variety
of graphical devices. Informaticn can be presented in the usual
A=Y plot sense or can be presented as contour plots. The user
selects the segments of data to be plotted as well as the scal-
ing, annotation and titling of the resulting plot. Options also
exist for tabulating the data in columar format and for plotting
auxiliary text in the vicinity of the plotted information. Dis-—
play device selection is accomplished by interfacing the basic
conputer code through routines which convert the internally gen-
erated plot vectors to hardware commands for the display device.
Separate computer programs are available for the following de-
vices. .

Tektronix 4012 Display Terminal
Hazeltine 4000G Terminal (MOPS System)

CALCOMP Drum Plotter
SD4060 Film Plotter

The plotting techniques employed in the computer program are dis-
cussed in detail. User's instructions are presented with examples
which illustrate the use of the program in generating plotted
information from various sources and presenting the information

in alternate plot formats.

Program Description

The display of engineering information pertaining to a vehicle
design is one of the most important aids in the design analysis
process. Historically, design analysis data has been generated
on the computer and returned to the engineer in a printed format.
The data was normally transformed to a more usable graphical
presentation through hand plotting by the engineer or engineering
“aide. More recently, hardware technigues have been developed
which permit automatic plotting of preselected analysis data.
The programmer normally provides precoded logic in the technology
odule to generate plot vector files. The plot vector files are
then processed by the hardware plotting device and the graphical
display gencrated is returned to the engineer. The classical
approach described above requires -that the plot vector file
goneration software be imbedded in every technology program.
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The development of the multiple program technclogical analysis
techniques of the EDIN system has significantly increased the
requirements for the presentation of analysis data of an inter-—
disciplinary nature. The use of plot vector generation code
within the technology modules does not meet the interdisciplinary
or the comparison requirements. The cbijective in the development
of a plot program, which is independent of the technology programs,
is to provide a means of plotting any data which was previcusly
generated by a technology module and stored in a data basec.

The plot program specifications reguire the generation of X-Y
plots, cross plots and contour pleots which compare not cnly data
from a specific analysis or any individual programs but also to
provide comparisons with previously generated data from any -
source. The independent plot program developed meets the desired
specifications or cbjectives. It assumes no prior knowledge of
the information that is to be plotted at the time of execution.
Plot scales, annotations, titles, etc. are described by the user
through input. Plot data requests are specified by the user and
the data can come from many sources.

The independent plot program was an evoluticonary development based
on requirements which were developed through use of the rultiple
technology analysis technique. It has served well during the
period of development and seems to be adequate for most technol-
ogical data sources.

A

The plot instructions are read from the input data file and the
data to be plotted can be read frcm either the input file orxr from
auxiliary data files. The input instructions are read using a
single WAMELIST input list.

SPLOTIN..... $

Default values are preset for all input variables. The default
values tend to minimize the amount of user input reguired to
generate a plot. Generally the input specifications are pattern-
ed after the procedure one might follow in preparing plot by
hand. The user can select such options as grid, axis generation,
annotation, titles, auxiliary text, line type, symbol specifica-
tions, etc. Those options not specifically selected by the user
are generally bypassed in the program. : '

A simple self tutering procedure for a new user can be described
as simply to scan the input specifications in a later section

and include values for the input variables which require changing.
A discugsion of the plotting options which are available is pre-
sented in the following paragraphs.
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Plot Data Input Option

The data to be plotted is read into the progxzam in either of two
formats, array format or observaltion format. The data nay come
from the normal input or from a binary file in accordance with
the following specifications:

INEPUT

0 Data will be loaded directly into the OBSTH
array from the normal input unit.

INPUT = n n Specifies the logical unit number from which
the OBSTH & ray will be loaded.

Array Format. - Arrav format specifies the numerical‘yalues to
e plotted are arranged in groups of similar observations sucb
as time, attitude or velocity. Mathematically, array format 1is
the seguence of numerical values:

4

OBSTHij; i= 1, NUMP; j = 1, NOBSER

where NUMP is the number of obs=zrvations and NOBSER is the num-

ber of chservation functions. ‘he plot data is actually a gingle

~dimensional array OBSTHk there k is the array element defined as:
v _

k = (3 - 1) NUMP + 1

The independent plot program normally reads data from the input
file in array format but other options are also available.

Observation Format. — Observation format specifies the numerical
values are arrvanged in groups called observations. Each observa-
tion represents a sequence of values defining one element in each
plot array. Observation format may be expressed mathematically
as:

OBSTHk(i,j); i =1, NOBSER; 3 = 1, NUMP
where NOBSER is the number of observation functions and NUMD is
the number of ocbservations. k Is the array element defined as:

" k(i,j) = {3 - 1) NOBSER + 1

The independent plot program has the capability of reading data
as obscrvation format when the alternate value variable:

ALTVAL = TRUE.
option is specified. If specified, a transpesition of the
observation format to array format is performed and the array

format vltimately overwrites the input values of OBSTH.
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Alternate Data File., - In addition to the two formats which can
be selected for Leadlng from input, an alternate data file can
be specified:

INPUT = n

When this option is specified, the plot data is read from thg
logical unit n in observation format, transposed and placed into
the OBSTH array in accordance with the specified values of NUMP
on NOBSER. No file positioning is done by the program but the
user can manipulate the flle with the following input variables:

REWIND = .TRUE. Rewinds 1.
NSKIFF = m Skips forward m Fortran files.
: NSKIPR = m - Skips forward m Fortran records.

The alternate file format may include as the first record cne
word specifying the nunmber of records on the file. If the one
word record exists, the plot program can read it and store the
value as NUMP. This option is activated by the specification:

NUMP1l5 = ,TRUE.

Multiple cases may be executed for as many plot cases as desired.
Therefore, different options may be specified on successive
cases, On the last case, the parameter:

STOP = .TRUE.

is set which causes program termination. No other plot instruc-
tions are executed in the last case.

X-¥Y Plots

The PLOTTR program provides for the display of numerical informa-
tion of the form:

Y, = fj{xi): i =1, NUMP; j = 1, NPLOT
where X and Y are arrays of observations of known length, NUMP.
Any array may be plotted with respect to any cther array and any
numpber of paire may be presented cn a single plot. NPLOT is the
number of PLOTS. desired. Figure 28 illustrates the display of
two multiple curve plots. The input data for this plot is dis-
cussed in a later section. '

Plotting is specified in accordance with the input variable array:
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~-1¥ READ $PLOTIHN i:;}-ﬂ—-——-~—-—-—~u--—.-~-~----—-——«- -
J

. FALSE
e
s

T PRINTR

TRUE

. READ AND TABULATE
~ PLOT TEXT | PLOT DATA
, PRINTER "
i v PLOTS
GENERATE TRUE " O\ (6600 ONLY)
CONTOUR * 7} CONTOR > - 5
PLOTS
/FALSE . TRUE
PR \\ ‘
GENERATE - o FALSE
X~Y PLOTS | T - ¥
(A) - PROGRAM SCHEMATIC.
1
DESTRED INPUT VARIABLE OPTION
OUTEUT CALCOM CONTOR | SEXT PRINTR
X-¥ PLOTS TRUE -~ | FALSE FALSE | T or F
CONTOUR PLOTS T or F TRUE "FALSE | T or F
PLOT TEXT TRUE FALSE TRUE NA
TABULATICON T or F T or F FALSE TRUE
(B) . OPTION SPECIFICATION,
FIGURE 28 ~ PLOT OPTIONS.
AG g8
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" OBSPLT = K., X Ky==-K

17 72
Each K 1s a packed 1nteger which defines the array palr in the
OBSTH array to be plotted:

K; = RXYY

where XX represcnts a two-digit seguence defining the, array to
be plotted as the x-coordinate. YY represents a two-digit
integer sequence defining the y-coordinate of the plotted line.
Any number of K values may be specified, each representing a
line on the plot. A plot seqguence is terminated by a value:

A second plot sequence may be specified by simply adding values
of K:

K = XXYY

i+ 1
The last value of K should be:

K, = 7777

which terminates the plotting and returns program control for
new input data.

Plot Positioning. - The PLOTTR program has input parameters which
control the defining of a new frame and the position of the plot
within the frame. The parameters:

DXG and DYG

define the X- and Y- coordinates of the lower left corner of the
plot in inches with respect to the lower left corner of the cur-
rent frame. The parameters:

XMOVE and YMOVE

define the coordinates of the lower left corner of the next frame
with respect to the lower left corner of the current frame. The
frame includes all physical plotting which takes place as a re-
sult of a single set of plot instructions (defined by $PLOTIN).
Frames of data may be superimposed to accomplish certain analysis
chjectives,

149



Line Type and %vvbo}g, - The paramcters, LINTYP control

the Eype ot lines that are to be drawn belween the data points.
The magnitude deterwmines the fregquency of symbols and the sign
determinesr the combination of lines and symbols.

LINTYP = n Means a symbol 1s to be drawn every nth point.
Ifn >0, Lines and symbols are drawn.
Ifn < 0, " Only symbolé are drawn. !

The parameter INTDEQD detezmines'which.symbol is to be used by the
specification of an integer from 1 to 22. A value of 0 specifies
no symbols. .

Data Scaling. - Data arrays can be scaled absolutely in terms of
the axis length ‘on which they are plotted or the arrays can
bhe scaled relative to one ancther. The parameters:

XSTIZE and YSIZE )

- specify the x- and y~- axis lengths in inches. The first curve
specified (see OBSPLT} determines the scale factor and the.
relative starting position for all curves on the plot. The arrxay:

SCALEI,
L
specifies individual scale factors for each plot array. 'This
allows meaningful comparisons of multiple curve plots where the

range c¢f the data array differs significantly.

Elimination of automatic scaling may be spec1fled in e1ther or
both directions by the specification:

MYX = .TRUE,
and/or
‘ MYY = ,TRUE.

If the MYX option is specified, the user must spec1fy the scale
factor and starting value the X-axis:

SCALEX

Il

units/inch

STARTYH inches

If the MYY option is specified, the user must specify the scale
Tactor and starting value of the Y-axis.
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- SCALEY

it

units/inch

STARTY inches

The scale factors and start values are set by the program each
time automatic scaling (MYX and MYY = .FALSE.) 1is specified so
the scaling from previous cases may be used by properly setting
the option flags MYX and MYY, :

Scale Annotation. - Under the automatic scaling optioi the pro-
gram generates axes of the specified length with tick marks at
one inch intervals. The tick marks are identified by numerical
values below or to the left of the axis centered on the tick.

The axes may be notated additionally by a 6-character input name
~centered on the axis. One name may be input for each observation
function as follows: : ' ' '

OIBSE‘.R\E':-L = Ni’ i = 1, NOBSER

where N, is a hollerith name of the form, nH name, and NOBSER
is the “number of observation functions.

Grid Generation., - A grid may be generated which represents
vercical and horizontal lines at the tick marks by the input
parameter: o :

GRID = .TRUE.
. oo
Title Generation. - A title from the plot may be generated by
setting the parameter: :

NREM = n

where n is the number of words of the title. The program will
use the first n words of the REM array.

REM = Ni; i = 1, NREM
and place this title at the top of the plot. The height of the
characters is in the title as specified by the parameter REMSIZ
in inches.
Auxiliary Plot Text

The plotter program has the capability of generating auxiliary
plot text by a separate case setup as follows:

$SPLOTIN TEXT = .TRUE.,S$
{(text cards)
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The text cards immediately follow the case data. The character
strings given on the text cards are reproduced exactly starting
the first card at a location szpecified by:

D¥XG and DYG

in inches. The character height specification is givén by HTEXT.
Cards will be read and the characters plotted with line spacing
of:

- . b

1.5 *# HTEXT

until a card is encountered with a numeric 2 in column 1. Con-
trol is then returned for a new case.

Virtual and Display Window

Virtual and display graphics deals with the translation of the
user's data to a physical location on the display device., The
virtual space may be of any dimension while the display space

is limited by the physical size of the display device. The func-
tion of the virtual graphics package is to map the virtual space
into the specified display area. With an understanding of the
relationship between the virtual space and the display area, the
user can freely manipulate the display to reflect his need. For
example, he can plot three different sets of data in the sanme
display area or hc can display the same data to different scales
to meet special needs. '

The Virtual Window. - The user defines the scale (SCAL) of the
virtual window in inches and the position (DXG and DYS) in
inches with respect’ to the plot device origin. Graphic lines
(vectors) andé portions of lines which lie ocutside the virtual
window are automatically eliminated or clipped by the windowing
routines, while those which lie within or pass through the win-
dow are scaled and fitted into the appropriate portion of the
~display.

The user's data area may be conceived of as existing virtually
within the computer, and is analogous to a coordinate system with
infinite dimension. The unit of measurement in virtual space is
arbitrary and representative of any unit the user wishes, from
milligrams to light years. In the case of the PLOITR program,
the virtual window is established by XSIZE and YSIZE and includes
the plot area itself plus some margin on all sides for plot
annotation. In actuality, the virtual window is a sguare area
whose sides are related to the larger of ¥S5IZE or YSIZE. In
effect, the user censtiructs the desired plot in virtual space

and the virtual graphics package secoles the data to fit into the
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desired display area. TFigure 29 illustrates the use of virtual
graphics. The heavy outside border is the window which is scaled
to the specified display size SCAL. : '
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Contour Plots

PLOTTR contains a simple and rapid code for proaucing contour
plots of three dimensional functions. The function must be
specified in the form: ' -

Zij = F(X.,Y-); i=11,2,..M, 7J=1,2,..N : (1)

That is, the function must be defined over a regular grld in the
X~-Y plane. Contour plots are produced on the target display
device but cannot be generated as printer plots. The resolution
of the contours is dependent upon the mesh 1ncremcn+s in X and
Y.

Figure 30 illustrates the type of results which can be expected
from the CONTOR option. The illustrated contour data has a
“resolution" of 0.1 in X and Y. _ -

Generation of Contour Vectors. - Suppose a function of two

independent variables is definéd over the regular mesh Xi,Yj.

Then (#M~1)*(N-1} rectangular boxes can he selected from the
adjacent points: -

P = (XirYj)f (Xi'Yj‘f‘l)' {Xi"l‘l' Yj'f'l)’ (Xi+erj) (2)

Let the corners of any such box be 1denL1f1ed in a clockwise
manner as 1llubtrdted below:

© —d&

RECTANGULAR ELEMENT CORNER IDENTITICATION.

Given such a rectangle, the corner points and the function values
at Lhese corner points may also be uniguely defined by the rota-
tion shown below:’
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LOCAL COORDINATE AND FUNCTION VALUES
Now consider the possibility that a contour of value Z = Z2' passes
through a given elemental rectangle. First, transform the corner
. values of Z by subtracting Z' to give the modified cornex values:

Z, =2, = &'

1 1 _
Z, =2, - 2" - A

2 2 _ , - - (3)
= o : :

Zy = %y pA

Z4=Z4fzf

Examining the topology of the contour line trace accross the
elemental rectangle, it follows that sixteen (16) possible types
of contour trace exist. TFor each modified corner value given by
three (3) is either greater than or equal to 0, or less than zero,
giving 24 topological types of trace. These trace types may be
unigquely identified by a four digit binary number whose elements
sequentially correspond to. the corner points in the clockwise
sequence of figure 31, where 1 signifies that Ei> 0. These sixteen

types of trace are illustrated in figure 31 with their correspond-
ing four (4) digit binary number and contour trace type.

It can be seen that only two {(2) of the element topologies result
in no contour trace. Two element topologies result in two contour
traces across the element. {(These contour traces may be of

either form displayed in figure 31 for I-= 1010 or I = 101.) Assum=
ing linear interpolation for Z alcong the elemental rectangle szsides
and local straight line contour traces within the element, the

end points of the contour trace are readily found to be given by
the expressions such as: ' ' . _
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;Y2 ,8,) .
el_ 1 i7 ~2771772 (4)

"
it

X+ F(Xl;X2r23;Z4) .

and

I = 1110

X = Xl + F(Xl,Xz,Zl,Z4)

Y, =¥ (5)

Y = Y, + F(Yl,Yz,Z4,Z3)

e2 1

Where (X_ ,Y. )} and (X_  ,Y ) are the contour trace end points
€1 €1 2 ©2 '

and the function I iz defined by:

F(a,B,C,D) = (B - A) - ’D—(_:—él

Two Ambiguons Cases. — Two ambiguocus cases arise for I = 1010
and I = 101. The contours may then be of either the solid or
dotted line type in figure 32. The ambiguity is resolved when
the "fold diagonal" is defined. Thus when I = 0101, if the
principal diagonal is the fold diagonal, the dotted lines supply
the correct contour types, if the other diagonal is the fold '
line, then the solid lines are the correct contour types. The
converse 1s true when I = 1010.

e

pefinition of the fold line reguires more information than is
available within & single elemental rectangle. Consider the case
I = 1010 in the illustration below. In (a) the upper right and .
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lower left high elemental rectangle regions indicate a principal
diagonal fold. 1In () the lower upper left and lower right ;lc«
mental rectangle regions i1llustrate a fold about the other dlagonal.

o3
o
4

4. ‘/ <, ]
T : T v,
“_-i }‘. Yj | | A- j [‘
| | . . | ]
{a) PRINCITAL ' (b)  OTHER

DIAGONAL TOLD . DIACONAL T'CLD

FIGURE 32 TWO ANALOGOUS CASES.,

The program contains logic for resolving the ambiguous cases us-
ing the above technigue. A weighted assessment of the probability
of each diagonal by the fold line is incorporated within the code.
This logic covers the possibility of any adjacent elemental rec-
tangle keing absent due to edge or corner conditions in the Zij
.array.

Loading the Data. - The contour data is loaded into the OBSTH
array as follows:

OBSTHk: k =1, NQMP * NOBSER
wheré k is defined as:
k = (§ - 1) NUMDP + i
i = 1, QUMP

3 = 1, NOBSER
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Data may also be loaded from an alternate input file using the
INPUT parameter as described earlier. Two additional arrays
defining the x and y mesh parts must be loaded as: :

I

XMESHi; i = 1, NUMP

YMESH.; j

5 1, NOBSER

‘The values must correspond to the function values loaded in the
OBSTH array. :

‘Contour Definition. - The contours desired are specified by the
user using the following input:

NZCUTS = n
where n is the desired number of contours. The array:

ZCUTSi; i = 1, NZCUTS

defines the individual contour values.

Title and Axis. - Title and axis options are the same as described
earlier for x-y plots.
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Program Usage

The program can be used with two online and two offline display
devices as foliows:

DISPLAY DEVICE TYPL PROGRAM MAME
TEKTRONIXS Online HPERTRON . OPLOT
MOFS - Online *HAZEL ,OPLOT
CALCOMP _ Offline *CALCOMP . OPLOT

Sp4060 Offline *SD4060.OPLOT
#rile qualifier is EX42-00002.

Each device uses’'a different program. The data setup is
identical so far as parameter names are concerned. However,
the desired scaling value may be different hecause of the size
of the available plotting arca for the different devices.

Each plot interface has special instructions that are particular
to the plot device. For example, the CALCOMP pregram reguires
the mounting of a physical tape which must be namsd 19:
@ASG,T L1Y,8C, CAL
BXQOT EX42-00002%CALCOMP.OPLOT
{(bata)

The TEKTRONIX program reguires the user to input the terminal
line speed and the maximum number of vectors per buffer load:

@30T EX42-00002*%TEKTRON.OPLOT
30 18
{Data)

The above example is for 30 characters per second line speed and

18 vectors per buffer load. No more than 18 vectors should be
specified.

The MOPS program reqguires the use of the function code 0 above
the keyboard before data is entoered:

@XOT EX42-00002*HAZEL.OPLOT
Depress FC-0
(Data)

Mo special input is required to use the SP4060 programs
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?rogram Input

The basic input to PLOTTR is the $PLOTIN namelist specification.
All data except auxiliary text may ke read in this form if
desired; but other forms of input may be activated in accord-
ance with the options specified in S$PLOTIN. :

"The use of NAMELIST input was chosen for the following reasons:
1. It is a 51mp]e name oriented 1nput ea51ly understood
by most computer users.

2. The format is standard and does not require relearn-
ing from program to program.

3. It is easily modified by the engineer or progfammer
when adding input variables to the program.

When a NAMELIST read is encountered in the program, the entire
input file is scanned up to an end-of-file or a record with a
dollar {($) in column 2 followed by the NAMELIST name reguested
by the program. No imbedded blanks may be used. Succeeding
data items are read until a second dollar is encountered signi-
fying the end of the NAMELIST input. Any data on the input
file before the reguested MAMELIST is found will be ignered.
All data between the opening and closing dollar 1s interpreted
by the NAMELIST input routine. The data item within the NAME-
LIST statement may be in either of two forms:

v =_cC,

A(n) =D "’Dm'

1

V is a non~subscripted variable name. C is a constant which
may be real, integer, logical (T or F) or hollerith ({£Hname).
A is an array name and n is an integer constant subscript,

Dl"“'Dm’ are simple constants or repeated constants of the

form k*C, where k is the repetition factor. Data items and
constants must be separated by commas. For'a subscripted array .
name, the number of constants need not be equal but may not
exceed the number of array eiements needed to £ill the array.
More than one card may be used for input data and arrays may

be split between cards. All except the last record must end
with a constant followed by a comma and no seguence numbers

may appear. The first column of each record is ignored. The

*
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set of data items may consist of any subset of the variable
names associated with the NAMETIST name and the name nced not
be any particular oxder. More details on the use of NAMHLIST
are avallable i1n any YFORTRAN users guide, but the above
description should be sufficient for the ovperation of the
PLOTTR program,

SPLOTIN Namelist Data. — This scction contains an alphabetical
iist of all input variables in the $PLOTIN namelist set. The
default value and a brief description of the usage of each
variable is given. '

Name Default(s) Description of Input

ALTVAL .FALSE. Logical variable. If .True. data will be
. ; read as observation functions. Otherwise
data will be read as plot arrays.

BLOCK . FALSE. Logical variable. If .True., binary block-
' ing of the cbserxvation unit will be expect-~
ed. (CDC 6600 only)

CALCOM . TRUE. Logical variable. If .True., X-y plots
will be generated. This variable is used
to activate any device to which the program
is linked such as Tektronics, 8D4060 or Var-

ian., ‘

CONTOR - FALSE. Logical variable. If .True., a contour
plot will be generated from OBSTH data
CALCOM must be set .True.

COFY .FALSE, Generate hard copy (online devices).

DIALGCG FALSE. Logical variable. If .True., data base
output routine will be called.

DXG 1.0 X-axis origin for the current chart relative
to the current device origin specified hy
KMOVE,

DYG 1.0 Y-axis origin for the current chart relative
to the current device origin specifiecd by
YMOVE.
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Name  Default(s)’ ' Description of Input

GRID .FALSE  Logical variable. If .TRUE., one inch grid
will be generated on x-y plots. ‘

HTEXT .21 Height of title in inches. :

INPUT 0 Zero for reading plot data from cards .GT.O
.for reading plot data from another unit,

INTEQ 1 : Integer from 0 to 22 indicating the plot
symbol. ' ' .

LINTYP 0 Control parameter which describes the type.

of line to be drawn through the data points.
The magnitude determines the frequency of
plotted symbols.

T.E. LINTYP=4 Means every fourth point. .
LINTYP=0 Straight lines with specified
syrmbol at the end of the
" line (see INTEQ).
LINTYP=+ Lines and symbols.

LINTYP=- Symbols . only.
MYX .FALSE. Logical variable. If .TRUE., user may input
: STARTX and SCUALLX.
MYY .FALSE. Logical wvariable. If .TRUE., user may input
STARTY and SCALEY.
NAMES .FALSE, Logical variable. If .TRUE., NOBSER six-

(100) character names will be read. These are the
plot array titles. e

NAXIS 1 . Number of times the beam or pen will trace
' the x- and y- axes.
NDECP 2 Number of decimal places used in scale
annotation.
NOBSER NCNE Number of observation functiens {or plot
: arrays) . '
NPAGE 0 . Page number of the plot (printer only).
NREM 0 Number of words of title to be read. " If not

zaro, NREM l0-character words will be read
* immediately aftexr the $PLOTIN namelist.
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Name Default(s) Bescription of Input

NSKIPF 0 Number of obscrvation function files that
will be skipped on observation unit before
starting to read data from it.

NSKIPR 0 Number of observation functions to skip on
observation unit before starting to read data.

"NUMP NONE Number of plot points per plcet array or the
nunber of observations. There is an internal
limit of 213 points.

NUMPLS . FALSE., Logical variable. If .TRUE., NUMP will bhe .
‘ read from observation unit as the first
recoxd. '
NZCUTS NONE Number of- contours reguested.
OBSERV BLANK Obgervation function names +o be used for
(100) scale annotation. They are read in namelist
format as: .
CBSERV=nHnamel ,nHname2 ,---—.,
OBSPLT 7777 Integer definition of the plot functions.
e Fach pair of plet arrays or cbacrvation

funections is defined by a 4-digit nunber,
the first two represent the independent
variable, the second two represent the
dependent variable according to the input
order of the plot arrays or OBSTH functions.
A zero indicates the end of one chart. More
charts can be generated up o a limit of 120
entries in the OBSPLT array. User should
enter a value of 7777 after the last chart.

OBSTH NONE Plot data in one of the following formats.
(2000) Foxr ALTVAL=.FALSE., plot arrays are loaded,
A(l) r-—rA<N) 1}3(1) r"_B (N) rc(l)—_C(N) 7

For ALTVAL=.TRUE., plot arrays are loaded,

A(1),B(1),C(1) ,-~——~~ AN) BN, C(W),

NOTE: The maximum number of plot points
is 2000 but can be changed to the

alteration of 3 Fortran statements
in main proyram as follows:
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Nale Default(s) Descfiption of Input
| COMMON /AESOPD/ADATA (n+1)
REALOBSTE (n}
DATA NADATA/n/
The value of n may be set to any desired

value. Program lcoad size is altefred in
direct relation to the number n.

PAGE .FALSE. Start a new frame at XMOVE, YMOVE from

: ) - previous origin.
PRINTR . FALSE. Logical variable. If .TRUE., tabulation

will be generated. -

PRINTO .FALSE. Logical variable. If .TRUE., the namelist
: ' input data will be printed.
REM BLANK " Title to be placed at the top of the chart,
(30} It is read in namelist format as:

REM=nH title of plot,
REMSILZ  0.21 Height of title in inches.

REWIND .FALSE. TLogical variable. If .TRUE., observation
unit will be rewound before reading it.

SCAL 7.5 Size of the plot device window in inches.
Virtual plot specified by the maximum of
XSIZ2E and YSIZE will be scaled to this
dimension. )

SCALEF 1.0 Scale factor array. One for each plot array.

(100) or chservation function. It is used to scale
one plot array relative to the others for
plot purposes but does not affect the
original data in OBSTH.

SCALEX 1.0. Units per inch for X. : - -
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Default(g)

L63

Name

SCALRY 1.0
STARTX 0.0
STARTY 0.0
_STOP - FALSBE.
TEXT . FALSE,
XMESH None
(100)

XMOVE 8.5
XORIGN 1.0
XSIZE 6.0
YMESH None
(100}

YMOVE 0.0
YORIGN

Description of Input

Units pexr inch for Y.

Starting value for X-axis,
Starting value for Y-axis.

Logical variable. If .True., program will
stop without generating additional plot
information.

Logical variable. If .True., card images
will read and pletted scaling will be in
accordance with the following formula:

6 *NREM*HTEXT /SCAL
Arrxay of points defining the X-axis of a -~
contour plot.

X~-distance between plot origins. For on-
line devices, a screen erasure is affected.

X-axis or
o the on

igin for the current chart relative
nry
XMOVE,.,

ent device origin specified hy

X-size length in inches for virtual plot.

It also specifics number of scale (and grid)
divisions which will be employed. Origin is
moved before pletting if the PACE optlon is
invoiked.

Array of points defining the Y-axis of a
contour plot.

Y~distance between plot origins. For on-
line devices, a screen erasure is affected.

Y-axis origin for the current chart relative
to the current device origin specified bv
YMOVE,



Default{s)

Name
YSIZE 8.0
ZCUTS None

(25)

Values of the contours.

-Description of Input

Y-axis length in inches for wvirtual plot.

It also specifies number of scale {(and grid)
divisions which will be employed. -Origin
is moved before plotting if the PAGE option
is involked.
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Physical Characteristics

The basic PLOTTR program is written in Fortran language and
interfaced to the four plet devices as illustrated in figure
33. The control program subroutines reference the CALICMP
subroutines AXIS, SCALL, NUMBER, SYMROL and LINE. These
routines have been modified slightly to call PLTT (rathor than
PLOT). All display device interface is accomplished through
the single driver PLTT. PLTT has three basic entriess:

Initialization
Plotting
Termination

which perform special functions depending upon the device
interfaced. The windowing and clipping package 1s called -
by PLTT at the "plotting" entry. The data is scaled to the
specified window size and vectors outside the window are
deleted vr modified.

Program Loading
The program is overlayed to execute in approximately 29,000

decimal but the size varies with the interface sofitware reguire-
ments. The four program sizes are shown below:

TERTRONIX 19400
CALCCHP 20100
5D4060 21400
MOPS 18700

The construction of the program requires the following control
cards: '

€QUAL EX42-00002

@COPY,R * PLOTYR

@MAT file .QPLOT,OPLOT
The basic plot software resides on the file 1BEX42-00002*PLOTTR.
There is a file containing interface software for each hardware

device. The file used depends .upon the interface. Map direct-
1ve elcenents are also stored on the interface files:
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CONTROL

PROGRAM l
AXIS .
13 " 4]
NUMBER leg SCALE
¥ ¥
LINE SYMBOL e
. ‘g - 3 )
TEKTRONIX- ALL OTHER DEVICES
PLTT PLTT .
g
TEKTRONIY
INTERFACE ;
PACKAGE WINDOWING
“T CLIPPING
l PACKAGE
HARDWARE ]
4 y i
CALCOMP MOPS SD4060
PLOT (STD) PLOT (INT) PLOT {INT)
& v |
MOPS - SDA060
HARDWARE INTERFACE INTERFACE
\ ¥
HARDWARE HARDWARE

FIGURE.33  PLOTTR INTERFACE.

ORIGINAL PAGEH
OF POOR QU.
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TEKTRONIX EX42-00002*TEKTRON., OPLOT

CALCOMP EX42-00002*CALCOMP . OPLOT
SD4060 EX42-00002%SD40G60.OPLOT

MOPS EX42—OOOG2*HAZEL,OPLOT

»

llustrated below:

.

The TLETRONIX map dircctives are

LIB #*#TEKTRON.,*TEKLIB.
LIB *TEKTRON. ,*TEKLIB.
NOT TPrs, PPLENLN

NOT TPF$, NOGEAF

NQT TPFS. DMPBUF

NOT TPFS$, XYCNUT

NOT TPFS. MOVEA

NOT TPRFS. DRAWA

NOT TPIS, VECMOD

NOT TPRF$, SCRENE

NCT TPEFS. LDCOPY

NOT TPRFS. PLTY

NOT *TEKLIB.CHARS

NOT *TERLIZ,.CHARS/TERKPLOT
NOT FPMKLLE . UKCH

NOT IMAGHE

SEG MAIN

IN PLOTTR

SEG AA¥

IN CONFPLT

SEG RB¥*. (MAIN)

IN THROBS

SEG BR1l*, (BB)

TN HPINLN

SEG BB2*. (BB)

IN PPLNLN

"END

Map directive elements for the other three device interfaces are
shown in figure 34 '
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RDPRO: POST PROFILE TAPE READ PROGRAM

RDPRO is a small computer code designed to selectively read

and dump tapes that are produced by the large and complex POST
program. POST is a generalized point mass targeting and optimiza-
tion program for POWGLEd or unpowered vechicles. The operation

of POST is described in reference 32. The nominal method of
operation of POST is to produce a printed report, a subset of
which is placed upon an output for the processing by RDPRO.

Upon execution RDPRO expects from the card reader (terminal

if demand) a set of directives in namelist form. It then reads
the POST output tape and sclectively extracts the desired para-
meters which are then placed upon a tomporary secondary unit
for introduction into an EDIN technology data base. They may
also be listed if so desired.

Program Usage

Having established a profile tape using the POST program, a
vser can call on the RDPRO program to reformat the data to that
of the EDIN data base. Shown below is a list of input parameters
which are read in the INPRT namelist data.

PROFIL Logical unit number of the POST outpur tape.
Default is 1. .
AAMURS An array of hollerith names that are the desired

variables to be extracted from the PROFIL tape.
The default list is TIME, ALTITO, VELR, GALMAR,
PITL, WPROP, THRUST, ASMG, INCPCH and DYNP.

NUMVRS Number of named variables being extracted.
Default is clearly 10.

IPRC The print flag. Equal to zero produces a listing,
non zerc -~ no listing. Default is non-zero.

CTTM A two (2) word array defining the boundlng times
for the extracted data. Default is 0., 1.E10.

NMLIST The unit number for temporary storage of the
extracted information.

MOVE The number of cases to skip before beginning an
extraction run. POST cases may be stacked on an
cutput tape.

Example Input. -

$INDRT NUMVRE=3, = CTIME=Q.,100. §
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This extracts only time, altitude and velocity for the first
100 seconds of the launch sequence.

Program Output
Figure 35 is a logic/data flow of how RDPRO was used to produce

the gix plots seen in figure 36 . These data are a real 1life
case study of launch of the S$0147B Shuttle using J2S engines.
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SFIT: A SURFACE FITTING PRCOGRAM

The SFIT program defines surfaces for objects that havg a
plane of symmetry. 1t was developed for the purpose of
gencrating and/or modifying fusclage type surfaces. A
parametric cubic patch method is used to define the surface
over a set of cross sections that the user in the form of
corner polnt geometry.

Program Description

The SFIT program can be used to generate new fuselage type
surfaces or to modify existing surfaces. The surfaces must

be symmetric about the X~-Z plane with the X axis positive in
the aft to forward direction and the % axis positive in the
bottom to top direction. The user defines the surface shaoe
by means of cross section definitions. If the surface is +to
be a meodification of existing geometry, the station at which
the modification is to begin and ths station at which the
modification is to end are input to SFIT. The program then
interpolates the cxisting surface geometry data and dafines
the cross sections at the ends of the segment to be modified.
The user, whether describing new surfaces or modifying old
geometry, inputs a series of cross section. definitions in a
fore o aft seguence. Because of the symmetry restriction,
only one half of the cross secticn needs to be acsceribed.  Tha
description must include the X axis station of the eross saction,
a set of points (up to 40) which lie on the cross section and
the nwaiber of points in the set. The points are defined by
their Y.Z coordinates and are input in a bottom o top order.
Figure 37 depicts the coordinate system and some cross section
definitions. '

The SFIT program uses a version of the Coons Bi-Cubic Parametric
-Patch Method to generate the surface. This method requires

that the area to be fitted he bounded by four curves as shown

in figure 38, SFIT uses the cross section definitions and a
combination of spline fitting and LaGrange interpolation
methods to generate the parametric boundary curves.

In order to insure a good surface fit, the area between each

cross section is divided into nine sections, or patches. Tach
patch requires a set of houndary curves as mentioned above. The
boundory curves labeled Ul and U? in figure 38 can be cenveniently
constructed from the user suppliad cross section definitions.
First cach cross seciion definition is 2xpanded o ninty points

by spline fitting Zor intermediste points. The total length of
the croce section definition is computed and the ten breakpoints
required to divide the cross section into nine egqual lengih
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FIGURE 37 SFIT COORDINATE SYSTEM DEFIKITION.
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FIGURE 38 SURIFACE BOUNDARY CURVES.,
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segments are computed. These line segments become the U bound-
ary curves for the nine surface patches between cross sections.
For example, segment one from cross section one and segment one
from cross section two are used as Ul and U2 in the first sur-~

face patch between the two sections.

-

After each cross section has bheen divided into nine egual length
segments and the segment breakpoints for each cross section
recorded, the V curves can be generated. Each V curve is de-
fined by fitting a curve through a group of data points. This
group of points consists of one segment breakpoint from each
cross section. For example, the curve labeled V1 for the first
patch in a section is defined by a curve fitted through the
first segment breakpoint from every cross section; the curve
labeled V2 for the first section fits the set of points consist-
ing of the second segment breakpoints from every cross section.
Now that the U and V boundary curves are defined, the surface
can be fitted by the parametric cubic method.

The SFIT cutput is in the form of cornerpoint geometry with
status indicators to indicate start of section, start of com=-
ponent and end of component. The output geometry can be used
for display and analysis just as Gentry geometry is used.
Figures 39 and 40 are examples of SFIT modified geometry and
new geometry.

Program Usage

Control Cards. ~ The program case data is proceeded by the con-
trol cards required to retrieve the WAB program from permanent
storage and execute the prcgram. The control cards needed to
use SFIT at Johnson Spacecraft Center are:

@RUN RUNID,ACCOUNT,ORGANIZATION
@QUAL EX42-00002

@USE 8,0UTPUT FILE

@XQT *WAATS2,0FIT

"{ SFIT DATA } -

 @PIN

Program Input
The SFIT program accepts three types of input data:
l. Geometry Modification Data in NAMELIST Format (SIN).

2. Cross Section Data in NAMELIST Format (SSECT).
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3. Cornerpoint Geometry in Fixed Format.

These input seis may be combined in various ways depending upon
the input parameters in $IN. The input sets are described helow.

SIN Inputs. -

NAME DESCRIBTTON DEFAULT

FLAG Geonetry Modification Flag 0.
=1, Existing Geometry is to be Modified.

=0, New Geometry is to be Created.

START Station at which Region of Geometry Modi- 0.
fication is to begin.

END Station at which Region of Geometry Modi- 0.
fication is to End.

$SECT Inputs. -

NAME, DESCRIPTION DEFAULT

STA Station at which Cross Section is being 0.
Defined.

NPTS Number of Points in Cross Section Defini- 0.
tion.

Y Array of Y Coordinates of the 'NPTS' Points. 0.

Z Array of Z Coordinates of the 'NPTS' Points. 0.

Program Flow Logic

Figure 41 gives an overview of the SFIT program flow.

Program Qutput

The program output consists of cornerpoint geometry. This
geometry is defined by a set of points in three dimensional
space. The sets of X,Y,Z2 points are the corncrpoints of
guadrilateral elements which define the surface. An additional
paramcter is attached to each set of ccordinates. This para-
wetcr is a status flag which indicates if the point is the First
point of a component, first point of a section, last point of a
component or none of thesc. The output goes Lo data set eight
{8) which may be user assigned.
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SIZER: A PRELIMINARY SIZING DROGRAM FOR
LAUNCI VEHLTCLES.

The SIZER prograem performs preliminary sirzing for a launch
vehicle composed of up to ten stages. User inputs of payload,
specific dmpulse of each stage, ideal velecity of each stage
and mass fraction of each stage are reguired. Program results
arc based on the ideal velocity equation,

V = g-Isp-1In(MR),

where MR 1s the ratio of the mass of the vehicle at the start
of the stage to the mass of the vehicle at the end of the stage,
Isp is the specific impulse and g is gravitational accceleration.
It should be restated Lhat SIYER gives a preliminary sizing
estimation based upon ideal velocity relationships: no drag
losses or gravity losses are included. SIZER outputs a summary
which presents the sizing information for each stage.

Program Description
The SIZER program uses the ideal veloccity eguation
V = g.Isp-1ln{MR)

to perform preliminary sizing of an n stage launch vehicle.
SIZER xcquires the user to define the following inputs:

n Number of Stages.

Wpay Payload of Vehicle

Isp Specific Impulse of each Stage.
v Ideal Velocity of each Stage.
At Mass Fracticon of Each Stage,

These inputs, when applied to the ideal velocity eguation,
determine the total weight of each stage of the boost vehicle.
The vehicle ig sized from the top down so that the payload of
a stage is the sum of the weights of every stage above it.

The stage weight solution can be determined as follows:

J
MR = 45
We
where Ws is the weight at the start of the stage and We is the
weight ai the end of the stage. These weights can be e¥pressed

=3
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I

_ Ws Wpay + Winert + Wprop
and
We = Wpay + Winert.
where Winert is the inert weight of the stage and Wprop is

the stage propellant weight. Now, the mass fraction, A', is
defined to be: :

A = WPrOP
Wprop + Winert
so that:
- 4
Winert= WE§$B - Wprop = Wprop (é;iré—)

The start weighﬁ and end weight can then be expressed as:

We = Wpay + EB%QE
and

We

Wpay + Wprop (1l - A')
Al

The mass ratio then becomes:

A'Wpay + Wprop
AMWpay + Wprop(l = A')

MR =

The ideal velocity equation can be written as:

- v o_
In (MR) = 5T = K

ox

MR = eK.

After substitution, it c¢an be seen that:

1 - f-any

The inert weight, Winert, can now be computed from the mass
fraction equation. The total stage weight is the sum of the
inert and propellant weights, and the stage sizing is complete.

This process is repeated for each of the n stages and both

printed output and EDIN data base output is provided. This
output will be discussed in the following section.
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Program Usage

Control Cards. - The program case data is preceeded by the con-
trol cards required to retrieve the SIZER program from permanent
storage and execute the program. The control cards needed to
use SIZER at Johnson Spacecraft Center are:

@RUN RUNID,ACCOUNT,ORGANIZATION
@QUAL EX42--00002
@XQT *WAATSZ.0SIZER

SIZER DATA

Input Procedure

SIZER accepts input data in NAMELIST format ($IN). Data names,
descriptions and default values are defined as follows:

NAME DESCRIPTION DEF%QEE
PAYLD Vehicle Deliwverable Payload - Lbs. 150000.
NSTAGE Number of Stages -- 10 Max. 2
VIDEAL Array of Ideal Velocities - 1 per 8380.,21293.,

Stage
XLAMDP Array of Mass Fractions - 1 per -9,.9,
Stage
ISP Array of Specific Impulses - 1 per 296. ,455,,
‘ Stage
WPEST Array of Estimated Propellant - 1 2.E6,1.E6
per Stage
CEFACTR Convergence Factor 1.
Lu Data Set Number for EDIN Output 14.

Ilow Logic
Figure 42 shows the flow logic for the SIZER program,
Program OCutput
The SIZER program outputs two types of output. The first type
of output consists of a sizing report which represents the

sizing paramcters broken out for each stage. TFicure 43 shows
an example of this cutput for a two sitage vehicle. The second
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FIGURE 42

_

START '

N=NSTAGE

oy

COMPUTE
STAGE(ND
S1ZE

;

N=N-1

WRITE
QUTPUT TO
USER

WRITE
OUTPUT TO
UNIT 14

APAYLOAD=PAYLOAD+STAGE(M+1)

SIHPLIFIED FLOWCHART OF SIZER PROGRAII.
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type of output consists of the computed sizing parameters being
added to the EDIN data base. The output is sent to the data
set specified by the variable LU in the $IN namelist input.
This data includes propellant weight, inert weight, start burn
welight, end burn weight and payload of each stage. The names
WPR, WI, WSB, WEB and WPL are attached to the output to the

EDIN data base.
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TANK: A PRELIMINARY TANK DESIGN PROGRAM.

The TANK Program is a highly interactive technology module
designed for use in a preliminary tank design. The program will
generate combined exidizer and fuel tank design characteristics
from input specifications. The program can operate in th

batch or demand mode. In the demsnd mode the program regquests
data elements by name and short definition. In addition, an
option to generate cornerpcoint geometry in Gentry format,
reference 27, is provided for image viewing and geometry mani-
pulation. Usex inputs to the program include desgign criteria
such as an 0.F. factor, total propellant weight, stiress factors,
tank thicknesses, etc.

Program Description

The TANK Program utilizes standard engineering algorithms for
the calculation of design characteristics. Standard engineexring
nomenclature and units for the derivation and output of data

are used. Progvam organization is illustrated by the simplified
flowchart in figure 44 .

The reguired tank volumes are computed as a function of propel-
lant ratios and ullage requirements. Standard hocp stress
equaitions are uscd to compute tank thickness estimates. The
clliiptical cap thickness is determined as a percentage of the
cylindrical thickness. Tank weighls are based on the specific
weights of the material chosen for the tank. Total weight esti-
mates ore based on accessory estimates, tank weights and propel-
lant weights. Tank lengths are computed as a function of the
total volume reguirements.

An option to generate cornerpoint geometry in CGentry format is
provided for image viewing. If selected, the program will read
all previously generated data in addition to usecr inputs for
intertank separation and the number of X-stations per tank cap.
These data are used to gererate the tank geometry. Once com-
plete, the geometry is available on Unit 8.

Physical Characteristics

The physical characteristics of the TANK Program are summarized
as fcollows:

HOST COMPUTER: UNIVAC EXEC 8 (1110)

FROGRAM FILES: EX42-00002%WAATS52. (SOURCE,; RELOCA -
' TABLYS, ADSOLUTE)
EX42-CG0002*WAATS2. (MAP ELEMENT)

)
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FIGURE 44

USER INPUTS

l

INITIALIZATION

|

COMPUTE OX/FUEL DISTRIBUTICN

COMPUTE VOLUMES

I

COMPUTE INTERMNAL STRESS
FOR CYLINDER & ELLIPSE CAP

CCMPUTE THICKNESSES
COMPUTE SURFACE AREAS

COMPUTE: PROPELLANT WEIGHTS
TANK WEIGHTS
ACCESSORY WEIGHTS

COMPUTE TANK LENGTHS

COMPUTE MASS FRACTION

PRINT DATA
AND STORE
ON UNIT 14

GEOMETRY

OPTION

i

READ DATH AND
FORMAT GEOMETRY
ON UNIT 8

SIMPLIFIED TANK PROGRAM FLOW CHART.
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ABSOLUTE ELEMENT: OTANK

LANGUAGE: FORTRAN V
PROGRAM SIZE: 6950 DECIMAL
CARD SOURCE: +425

Program Usage

The computer program usadge requirements described in this section
are generally orientated toward the Exec 8 1110 version and

speci ically towards the Johnson Spacecraft Center installation.
The actual program input reguirements described are applicable
wherever the program is installed but the control cards for the
retrieval and execution of the program will differ from compuier
to computer. A typical runstream for TANK is illustrated below:

D ACCOUNT NUMRBER ORGANIZATION

@RUN AB123, 1230C-I088-C, EX42-00002
@ASG, T 14, Assign Output File 14
@ASG, T 8. Assign Gezometry Cutput File 8.

€XQT EX42-00002*WAATS2.0TANK

data input
data input

a

GFIN Termination

Program Input. — The following is a listing of the required in-
puts for a TANK program executicn. Since the inputs are made
1n response to a program inguiry, only the inquiries are shown.

ENTER AN O.F. RATIO (Computer}
__ (decimal entry) - (User)

ENTER 1 IF LOX/TLH SYSTEM, ENTER 2 IS OTHER {Computer)
(integer entry) (Usex)
FNTLETR YOUR TOTAL,PROPELLANT REQUIREMLONTS -~ LBS. (Computer)

____(decimal entry) (Uscr)



IF A 2 IS5 ENTERED THE PROGRAM WILL ADDRESS THE USER AS FOLLOWS:

ENTER SPECIFIC WEIGHT OF OXIDIZER - LBS/CU IN

(decimal entry)

ENTER SPECIFIC WEIGHT OF FUEL - LBS/CU IN
{decimal entry)}

ENTER % ULLAGE OXIDIZER

. {decimal entry)

ENTER % ULLAGE TFUEL
(decimal entry)

ENTER MAX OXIDIZER PRESSURIZATION
(decimal entry)

ENTER MAX FUEL PRESSURIZATION
(decimal entry)

ENTER MAX TANK DIAMETER
(decimal entry)

ENTER AN OXIDIZER TANK STRESS S.F.
(decimal entry)

ENTER A FUEL TANK STRESS S.F.
(decimal entry)

ENTER TYPE ELLIPSE CAP-DEG
{(decimal entry)

OX TANK MATERIAL: ENTER 1 FOR AL, 2 FOR TI,
3 FOR OTHER

{integer entry)

FIL TANK MATERIAL: ENTER 1 for AL, 2 FOR TI,
' 3 FOR OTHER

(integer entry)

IF A 3 IS ENTERED THE PROGRAM WILL SOLICIT INFORMATICN

AS FOLLOWS:

ENTER OXIDIZER TANK MATERIAL SPECIFIC WEIGHT
LBS/CU IN

(decimal entry)

ENTER FUEL TANK MATERIAL SPECIFIC WEIGHT - LBS/CU IN

(decimal entry)

ENTER CXIDIZER TANK MATERIAL ULT STRESS - LBS -

(decimal entry)
ENTER FL. TANK MATERIAL ULYT STRESS - LBS
{decimal entry)

ENTER % EST WEIGHT OF OXIDIZER TK ACCESSORIES

(decimal entry)
ENTER % EST WEIGHT OF FUEL TK ACCESSORIES
(decimal entry)
ENTER 1 TO GENERATE DESIGN POINTS
_(integer entry}
ENTER NO OF X STATIONS PER CAP
(decimal entry)
ENTER TANK SEPARATION
{(decimal entry)

{(Computer)}
{User)
{(Computer)
(User)
(Computer)
{User)
(Computer)
{User)
{Computer)
(User)
{(Computer)
{(User)
(Computer)
(User)
{Computer)
{(Uzer)
(Computer)
(User) .
{Computer)
{User)

{Computer)
(User}

(Computer)
(User)

FROM USER

(Computer)
(User)
(Computer)
(User)
(Computer)
(User}
(Computer)
(User)
(Computer)
(User)
(Computer)
{(User)
(Computer)
(User)
(Computer)
{(User)
(Computer)
(User)
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Program Output. - Ton additicn to the formatted geomctvy which

is output by TANK, the following data is output to the printer
and to Unit 14.

0.F. RATIO

TYPE OF OXIDIZER

TYPE OF FUEL

SPECIFIC WEIGHT OF THE OXIDIZER
SPECIFIC WEIGHT OF THE FUEL
CXTDIZER TANK MATERLAL

The EDIN data base output is wrxitten on Unit 14 and contains
the following information:

Sh

LT

VOL

Wp

WTK

WAC

WTOT
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An array of two elements containing the surface
areas for the oxidizer and fuel tanks.

Array of two elements contailning
oxidirer and fuel tanks.

Array of two elements containing
of the oxidizer and fuel tanks.

Array of two elements containing
weilghts of the owidizer and fuel

Array of two elements contailning
the oxidizer and fuel tanks.

Array of two elements containing
welghts of the oxidizer and fuel

Array of two elements containing
of the oxidizer and fuel tanks.

the lengths of the

the total volume

the propellant
tanks,

the welghts of
the accessory

weights.

the total weight



VL70: A PROGRAM FOR READING ALERODYNAMIC
DATA TAPES.

VL70 is a general purpose utility program designed to extract
and reformat specific incremental aerodynamic information from
standard aerodynamic data tapes. Input to the program is name-
list and the program can be executed in batch or demand. Out-
put of the program consists of formatted data which can be
easily interfaced to existing EDIN application software.

Program Description

The basic structure of the VL70 program is illustrated by figure
45 . The program is drawn by a schedule which prxovides the
following data: :

Mach Number.

Angle of Attack (nominal, upper and lower).
Limit Body Flap Deflections.

Limit Elevon Deflections.

Limit Rudder Deflections.

Data File Numbers.

Independent Variable Names.

Dependent Variable Names.

The schedule is usually divided into three parts; (1) the speed
brake deflection schedule, (2} the body flap deflection and (3)
the elevon deflection schedule. Each part reflects the Mach
number, the angle of attack range, control deflections and file
nunber.

The schedule of deflections is described to the computer by a
series of 5 x 14 arrays (five deflection conditions and 14 Mach
numbers). The deflection conditions represent speed brake
deflecticons, elevon defliections and body flap deflections.

In addition, the alpha schedule is described as three (3) de-
flections at each of the fourteen (14) Mach numbers. The three
(3) deflections represent the nominal, a high alpha and a low
alpha.

For each deflection condition there is also a schedule of file
numbers and independent variable names. These names, which
ultimately become EDIN data base names,; are not presented here-
in but may be obtained from the program listing.

The nominal schedule may be overridden by input .in the $INPT
namelist as describked by the section on program usage.
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Physical Characteristics

HOST COMPUTER: UNIVAC EXEC 8§ (1110)
PROGRAM FILES: EX42-00002*0ODIN-ROMER.ANALY 1 (Relocatable)‘

EX42-00002*0DIN-ROMER.ANALY1 (Source)

ABSOLUTE ELEMENT: ANALY1A
LANGUAGE: FORTRAN V
PROGRAM SIZE: 10000 DECIMAL
CARD SOURCE: + 1257

Program Usage

The computer usage reguirements described in this section are
generally orientated toward the Exec 8 1110 computer and speci--
fically towards the Johnson Spacecraft Center installation.

The actual program input regquirements described are applicable
wherever the preogram is installed by the contreol cards for re-
trieval and execution of the program will differ from computer
to computer. A typical run stream for VL70 is illustrated below:

iD ACCQUNT NUMBER ORGANIZATION
QRUN ABl23, 1230C-1I088C, EX42-00002
@ASG,T 14. Assign temporary Unit 14 for output.
@XQT EX42-00002*0DIN-ROMERZ2-ANALY1A Execute Core.
$INPT :
S Namelist Input.
@FIN Termination Card.
Program Input. - The VL70 program input is namelist (SINPT} and

is defined by figure 46

Pregram Qutput. - The VL70 program uses temporary Unit 14 as

an output file. Figure 47 illustrates a typical output from
BASAERC. The output will consist of interpolated values of
aerodynamic data based on input specifications for file numbers
and named variables, :
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JMACH

MFILE

ALPHAS (3,14)

DEFLEC (5,14)

CMFILE{5,14)
CLFILE{5,14)

CMXY%(3,5,15)

CNAMES (5,2)

$SINPT NAMELIST

Schedule counter used to identify the current
position in the deflection schedule.

Maximum number of {iles to seazrch for Aere Data.

Nominal K upper and lower Alpha schedule for 14
Mach numbers.

Schedule of deflections for 14 Mach numbers in
schedule.

1 - Speed Brake Schedule,.

2 and 3 - Fore and Aft Elevon Schedule.

4 and 5 - Fore and Aft Body Flap Schedule.

Schedule of pitching moment file numbers for 14
Mach nunbers as dascribed azbove.

Schedule of 1ift coefficient file numbers for
14 Mach numbers as describad above,

Sequence of independent veriables {(same for CM
and CL} used in the tabulation of asrodynamic
data on the CM and CuL filzs.

Dependent variable names assigned to the
interpeolated data from the Aero File.

FIGURE 46 INPUT DESCRIPTIONS FOR V170,
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WAaB: A PROCRAM FOR COMPUTING WL ILGHTS
AND BALANCES,

The WAB program computes the volume, sarea and mass properties
cf a structure. The structure can be dalfinced as a surface

form, a set of black box components or a combination of both.
Surface form definition is in the form of corner point geowetry.
WAB outputs include a mass property summary and EDIN data

base additions.

Program Descripition

The WAB program computes volume, surface area, frontal area,
welght, center of gravity, moments of inertia and products of
inertia for bodies whose surface shapes are composed of a num-
ber of quadrilateral elements. The cornerpeoints of the guadri-
lateral elements are defined by ordered sets of X,Y,2 coordinates.
Computation of mass properties requires that some characterisiics
of the surface material be known, such as surface thickness and
material density or weight per unit of the surface area. Also,
1f the coowdinate system that the mass properties are referenced
to is different from the coordinate system that the surfaco
cornerpoints are defined in, then the Fuler angles for the
coordinate system transformation must be specified. Basically,
WAB computes all of the attributes listed above for each gquadri-
lateral element, transforms these to the reference system and
sums for all the elements to arrive at the total mass pioperties
of the body.

The problem of computing the properties of the guadrilateral
element 1s greatly simplified by splitting the cquadrilatcral
into two triangular elements with a common side being one of
the diagonals of the original gquadrilateral. Formula for comn-
puting the area, center of gravity, moments of inertia and
products of inertia of a triangular element of finite thickness
are easily derived or may be found in most physics handbooks.

. The element's mass properties are computed in a temporary
coordinate system which has its X avis colinear with the base
of the triangle, its 2 axis normal tec the plane of the triangle
and its ¥ axls completes the right handed triad with the svystem
origin at a corner of the triangle. All that remains to be
dene is to rotate the inertia tensor into a coordinate frame
that is parallel to the reference frame and then translate to
the refercnce system origin by the parallel axis theorem. At
this point the mass characteristics of the triangular element
are definad with respect to the origin of the reference coordin-
ate sgystem. This process is repeated for the other triangular
element that compriscd the original cuvadrilateral and the
proparties are sumwed. Every quadrilateral element of the sur—
Lace is processed and its properties svmmed in the same fzashion.
Atter all of the surface shape has beci processed, the centor
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of gravity for the entire structure is computed and the moments
and products of inertia of the body about its center of gravity
are computed by the parallel axis theorem.

The volume enclosed by the body is computed by accumulating the
volumes capped by each triangular element. This is done by
projecting the area of each element ontc the X-%Z plane and
nultiplying this area times the distance of the element's cen-
troid from the X-Z plane. If the outside normal of the element
is away from the X-Z plane, the elemental volume is added to
the sum; otherwisge it 1s subtracted.

The WAB program also accepts "black box" inputs to the mass
properties accumulations. Weight, center of gravity location
and the inertia tensor may be input as black box characteristics.
The program is capable of handling any number of components
whether defined by surface form data or black box form data and -
the forms may be intermixed.

Program Usage

Control Cards. - The program case data is preceded by the con-
trol cards required to retrieve the WAB program from permanent
storage and execute the program. The control cards needed to

use WAB at Johnson Spacecraft Center are:

@RUN RUNID,ACCOUNT,ORGANIZATION
@QUAL EX42-00002 :
@XQT *WAATSZ2.OWAB

WAB DATA

EEOF
@FIN

Input Procedure
The WAB program accepts three types of input data:
1. General information data in NAMELIST format ($IN$.
2. Black box definition data in NAMELIST format ($BOX).
3. Surface cornerpoint data in fixed format.
These input sets may be combined in various ways depending upon

the input parameters in $IN and $BOX. This section describes
the input data requirements.
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$IN Input Set. -

NAME,

IREFL

DELX

DELY

DELZ

P5T

THETA

PHT

BLEKBX

IWRITE

FACL
FACI

SUB

DESCRIPTION DEFAULT VALUE

Symmetric Geometry Indicator.

= 1, Surface Shape or Black Box
Has a Symuetrical Counterpart on
Other Side of X-%2 Plane.

= 0, No Symmetrical Counterpart.

X Distance between Refercnce System and Input
System.

Y Distance between Reference System and Input
System.

Z Distance between Reference System and Input
Systenm.

Yaw Euler Angle for Input to Reference System
Rotation.

Pitch Euler Angle foxr Input to Reference
System Rotation. :

Roll Euler Angle for Input to Reference

System Rotation.

Blagk Box Input Data Indicator o

= .TRUE., Input Data will Come from $BOX

= FALSE., Input Data Will be Fixed Format
Surface. Form.

EDIN Data Base Output Request

=1, WAL Outputs Will be Added to EDIN Data
Base.

= 0, No Additions to Data Rase.
Conversion Factor for Units of Length.
Conversion Factor for Inertia Tensor

Subtraction Flag. .

= .TRUL., WAB Properties of the Next Sur-
face or Black Box will be Sub-
tracted frowm the Accumulative
Totals.

0

FALSE.

12.

FALSE.



NAME

RHO

NAME

DESCRIPTION

DEFAULT VALUE

= .FALSE., WAB Properties of the Next Sur-
face or Black Box Will be Added

to the Accumulative Totals.
Density of the Surface Material
Thickness of the Surface Material

A Six Character Hollerith Name that is
Attached to the Array that is Output to

the EDIN Data Base.

$BOX INPUT SET. -

read in two points at a time.

NAME DESCRIPTICN DEFAULT VALUER
WT (1) Weight of Black Box. 0.
WT (2) X Center of Gravity. 0.

| WT(3) ¥ Center of Gravity. 0.
WT(4) %z Center of Gravity. 0.
WT (5) Moment of Inertia about X. 0.
WT (6) Moment of Inertia about Y. 0.
WI(7) Moment of Inexrtia about Z. 0.
WT (8) XY Product of Inertia. 0.
WT (9) XZ Product of Inertia. 0.
WT(10) YZ Product of Inertia. 0.
WT(11) Surface Area of Black Box. 0.
WT(12) Volume of Black Box. 0.
WT{13) Frontal Area of Black Box. 0.
Fixed Format Surface Data. - The surface cornerpoint data is

The data includes X,Y,% coordin-

ates of each point and a status indicator for each point. The

status values and their meanings are:

STATUS = 1; First Point of a Section.
STATUS = 2; Tirst Point of a Component.
STATUS = 3;. Last Point of a Component.
STATUS = 0; None of the above.
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Fach coordinate data field is specified to be F10.1 ané each
status indicator field is spacified to he Il with no blanks
etween fields., A surface data set is illustrated below:

i T et s e

// "f;'\)
.;‘ff—..’, J e e i e s i s ,.rm....‘_t.;.__.,.‘,.u...;..;.;;..;//.
XY, %,STATUS,X, Y, 2, STATUS e
!
FORMAT (2 (3F10.1,T1)) ! ‘
i
i
P
S ——

Program Outputs

WAB outputs are of two types. One output is a mass properties
report that is returned to the user. This data presents the
characteristics of each surface form or blesck box that was input
to WAB and the accumulative subtotals for all inputs. Pigure 48
is an example of the WAB output. The other output is the
optional output o the EDIN data base. This is essentially the
same deta that is presented in the mass properties report except
that &J1 of the data is packed into one arxay. The array is
given a user specified name and then passad on to the EDIN data
base.

Program Flow. - Pigure 492 gives an overview of the WAB program
flow.




FIGURE 48 WAB OUTPUT,
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APPLICATION OF THE SYSTEM

During the contract period several engineering investigations
were conducted for the Engineering Analysis Division and Future
Programs Office at the Johnson Spacecraft Center. These studies
involved extensive use of the Engineering Design and Integra-
tion System (EDIN) and included investigation of several heavy
lift booster concepts, advanced shuttle concepts studies, inte-
grated space station study and others. These investigations
involved the generation of geometry for digital display, aero-
dynamic separation studies, mass properties investigations,
pressure/temperature studies, center of gravity analysis and
performance evaluations including launch and trajectory analysis.
As a result of these studies, the EDIN data base was expanded

to its current level. Figure 50 summarized the current contents
cof the EDIN data* base.

The following sections describe the particular study, analysis
or evaluation which was performed.

Heavy Lift Booster (4 SRMS)

This study involved the generation of cornerpoint geometry for
digital display. This particular booster was composed of a 4
SRM first stage, a single SRM booster second stage and a solid
rocket third stage. The payload consisted of the shuttle
orbiter (SOl47B). As a result of this study, the geometry for
this booster concept now resides in the EDIN geometry library.

Heavy Lift Booster (5 SRMS)

This study involved the generation of cornerpoint geometry for
digital display. In additieon, a mass properties evaluation was
performed for the determination of volumetric requirements and
center of gravity travel. This particular booster consisted
of a 5 SRM first stage, a single SRM second stage and a solid
rocket third stage. As a result of this study, the geometry
and mass properties are readily available in the EDIN library.

Nuclear Waste Disposal Heavy Lift Booster

This evaluation involved the generation of cornerpoint geometry,
a mass properties analysis and a trajectory analysis. This
booster was conceived for disposal of nuclear waste in deep
space. It consisted of a 5 SRM first stage, a single 3RM sec-—
ond stage, a solid rocket third stage and liquid rocket engine
configuration for the fourth, fifth and six stages. Once the
geometry was created, separation studies involving shroud separa-
tion and staging conditions were duplicated using various EDIN
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display devices. These separation evaluations were performed
in conjunction with the trajectory analysis. The trajectory
analysis included evaluations of performance to low ecarth orbit.

S0147B Payload/Body Volumetric Study -

A volume and mass property analysis was conducted on the shuttle
orbiter (S0147B) to determine the possibility for fuel storage.
Volume evaluation on the fuselage including the current payload
area were conducted. In addition, the wing root areas were
evaluated. Compensation for equipment storage as well as on-
board systems were considered.

501478 Heavy Lift Booster

This study involwed the investigation of a heavy 1ift booster
concept consisting of twin orbiters, an external tank and a
JATO pack for initial boost assistance. Two Separate investiga-
tions were conducted to determine the possibility of using a

15 foot and a 16 foot diameter double bubble tanks in the pay-
- load area for the booster orbiter. Both nested and unnested
arrangements were evaluated for the propellant reguirements.
The tank evaluation yielded the need for a stretched version

on the booster orbiter. Geometry modifications were performed
on the stretched orbiter fuselage to fair the nested double
bubble tanks. Mass property evaluations were conducted on the
stretched version as well as a separation analysis to determine
interference of any booster components.

Space Station Evaluations

This evaluation involved the creation of cornerpoint geometry
for a NAR conceived configuration and the EBRO space stations.
These configurations included the core module, solar array
booms, docking collars, pallets and sub-module. Once the geom-
etry was generated, a compatibility study between the two con-
figurations was conducted. It involved wide use of the EDIN
display and geometry manipulation programs. Several configura-
tions were .analyzed for compatibility. Discrepancies in the
mating of the two systems were identified as well as docking
collar modification requirements.

Evaluation of Shuttle with the J2S Engine

This evaluation provided the performance characteristics of a
space shuttle vehicle using the J2S engines as the main propul-
sion system as an interim replacement for the SSME engines. It
contained reports on payload characteristics, c.g. and weights
analysis and nominal mission trajectory data for a 4 X J28 and
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5 X J25 engine configuration. The data was compiled and com-—
pared to the SSME configuration. A preliminary sizing study
was also conducted on these configurations.

Shuttle Orbiter c¢.g. Analysis

The LEDIN system has been used to determine the controlilable

c.9. range of the shuttle orbiter through the speed range from
Mach 20 down to landing speed. The study combined basic thecret-
ical aerodynamic data with experimental incremental control
surface data from the standard aercdynamic data tape. Thecret-
ical aerodynamic data was computed using the DATCOM computer
program for the subsonic-supersonic Mach range and IABACP for

the hypersonic Mach range. Experimental data was extracted

from the standard data tape using the VL70 program.

Sample Analysis

The use of the EDIN system for a design analysis task involves
the execuvition of four major tasks:

1. Define the analysis tasks including the technology
areas to be considered, the technological depth and
the study parameters.

2. Select the technology programs from the EDIN library
and establish the sequence of executions including
sizing and matching loops necessary to accomplish the
analysis.

3. Establish the data intercommunicaticon reguirements of
the program including both the fixed input data and
the intercommunication data.

4. Generate the run stream reguired to perform the analysis.

Definition of Analysis Tasks. - Figure 51 illustrates the defini-
ticn of a group of analysis tasks involving the simple sizing

and performance evaluation of a parameter series of all expend-
able launch vehicles. The study parameters are: '

‘Payload Weight
Number of Stages
Fuel Type
Oxydizer Type

Tank Diameter
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FIGURE 51 'LAUNCH PERFORMANCE AND SIZING STUDY,
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Thrust-to-Weight Ratio
Engine Chamber Pressure

Number of hngines

Selection of Analysis Progrems. - The analysis is .to be perform-

ed using the following LDIN programs :

STIZER Preliminary Sizing Program which Estimates the
Propellant Weights and Inert Weights of all
Stages based upon the Input Stage Mass Fraction
and Specific Impulse,

TANK Program to Compute the Fuel and Oxidizer Tank
Weights and Geometry based upon the Propellant
Quantity, Mixture Ratio, Structural Factors, etc.

WAATS Weights Analysis Program which Computes all Sub-
system Welcht based upon Historical Weight
Estimating Relations.

RCBOT Launch Performance Program which Optimizes the
Control History and Stage Time.

Intercommunication Data. - The following table describes the
program intercommunication regquirements for the EDTN programs
selected. [Pixed input requirements for the program are dig-
cussed earlier.

INPUT OUTPUT

SIZER. -
PAYLD - Payload ' WSB(I) - Start Burn Weight
NSTAGE - Number of Stages WEB (I) - End Burn Weight
XLAMDP (I) - Mass Fraction WPR({I) -- Propellant Weight
VIDEAL(T) - Ideal Velocity WI(I} - Inert Weight
XISP{I) - Specific Impulse WPL(I) - Stage Payload
WPEST (I} - Propellant Estimate

TANK. -
DTANK(I) - Diameter of Tanks Tank Geometry (File 8)
WPR(I) - Propellant Wt. LT - Length(S)

VOL - Volume (s)

SA - Arcal(s)

WP - Propellant Wt(s)
WIK - Tank Weights

WAC - Accessory Weights
WTOT - 1otal Weights
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INPUT OUTPUT

WAATS. -

ENG(I) - Number of Engines WCOMP(75) - Dry Weight

THR(I) - Thrust WCOMP (72) - Gross Weight

WIKG ~ Tank Weight WPARM(8) - Masgs Fraction

SBODY - Bedy Area '
ROBOT. -

WS5BL - Stage Gross Weights RBPORT - Stage Report

WPL(I) - Payload
XISP ~ Specific Impulse
THR(I) -~ Thrust

VIDEAL. -

RBPORT - Stage Report VIDEAL - IDEAL Velocity
XISP - Specific Impulse
NSTAGE - Number of Stages

- Generation of a Run Stream. - Each box in figure 531 represents
a seguence of tasks. The executive control statements and data
requirements to accomplish the tasks are stored as partial run
stream elements in the data base file EDIN-WAATS. The linkage
of the elements to perform the analysis is shown in figure 52,

The elements will be preprocessed by the DLG processor as the
analysis proceeds to satisfy data base reguests contained therein.
DLG preprocessing produces executable partial run streams which
are merged with the run stream using the @ADD control statement.

The sizing analysis is initiated by the control statement:
@ADD EDIN-WAATS.START
The start task sequence shown below performs the necessary

file assignments and constructs a temporary intercommunication
data base DBEASE.
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BK A temporary output file.
TPEFS The temporary program file assigned to each run.

WORK The file on which the DLG processor absolute
element is stored. -

UNIT 25 The interprogram data base.
UNIT 14 The special EDIN output file for EDIN program

data.
E A use assigned name for the EDIN-WAATS file.
D ' A user assigned name for the WORK file.

One page of design data is constructed on Unit 25 through the
DLG processor directive:

'CREATE DBASE'

The actual data is stored in the file element EDIN-WAATS.CREATE/
EEE as follows:

P .
R R

ORIGINAL PAGE BB
OF POOR QUALITY]
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Following the initial creation of DBASE, there is a "user
interaction® point. When opcrating in the demand mode, the
user interaction is an interrupt in the execution sequence.

The usexr has the option of interacting with the data base, to
nake parametric wodifications or tec construct a summary report.
kegunstoed data base information will be placed on the elewment,
LEPORY residing in the temporary program file ToFS,
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The analysis is restarted with the executive control statement:

@ADD E.LOOP/SIZING

The element LOOP/SIZING shown below contains the control state-
ments and data required to perform the sizing loop shown in

figure 51

il

The sizing loop centains instructions for executing the pre-
liminary sizer, the actual weighing of the individual stages,
the determination of optimal performance and the calculation
of ideal velocity. Preliminary sizing data and control state-
ments are stored in E.SIZER.
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Performance input data and control stetements are stored in
E, ROBOT.
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The requirements for determining ideal velocity is contained
in the element E.VIDEAL.

The staging loop shown below contains the control statements
and data required to generate weights data for the number of
stages specified. The three major elements are the establish-
ment of the looping criteria, the calculation of tank welght
and the calculation of subsystem weights.
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When the above element is processed by DLG, the USETC control
statement will contain the stage counter 'S’ firom the data base.
The @TUST control statement will contain the study parameter
"NSTAGE' from the data base. The above control stotements,
together with the @JUMP control statement, will cause the Exec

8 control to pass to the statement label @ENDSTG when the stage
counter 'S’ reaches a value of 'NSTAGE.® Since @BHNDSTG is

in the element E.LOOP/SIZING, the sztaging loop will be termina-
ted and the launch performance sequence will be started. '

The centrel statements and data for tank sizing are contained
in B.TANK.
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The control statemen-ts and data for the calculation of sub-
system weights are contained in the element E.WAATS.
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There arec many techniques which can be emploved to meet the
analysis requirements. The Sample Analysis presented above
is an itlustration only. The EDIN system offers the potential
user the capability of performing design analysis ranging from

the simplicst design seguence to the most complex network of
tasks.
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CONCLUDING REMARKS

A computer aided design environment has been created with the
EDIN system. The components of the system are an Univac 1100
series computer and associated scoftware, a flexible data base
management system and a library of independent technology com-
puter programs. The EDIN analysis is formulated as a run stream
in the language of the computer operating system and the technol-
ogy module input data. Both elements of the run stream can be
augmented with data base requests which are satisfied by a spec-
ial processor called DLG. The EDIN system provides the users
with the ability to formulate the computer aided design problem
at the task level in much the same manner as is employed in the
industrial design process. The process can be interrupted at
any point in the analysis. Demand interaction with the programs
and data bases can be performed. Each program is executed
sequentially and is "unaware" of its contribution to a larger
and more comprehensive engineering process. The result is a
flow of program executions which are identical to the normal
flow but with a higher degree of control over data inter-
comrmunication.

The EDIN system represents a major step towards the development

of a true computer aided design environment at Johnson Space-
craft Center.
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